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Preface
Gita Sud de Surie

The genesis of this book was a visit to India in August 1992, a visit that was
momentous in shaping events in my life for the next ten years. I relocated
to India to study Indian organizations for my doctoral work in 1993. After
completing my doctoral work in 1996, I stayed on as an academic in India
until the spring of 2001. This prolonged immersion in India, both as a
researcher and academic, provided me with a unique advantage – a posi-
tion from which I could be an insider. Consequently, I was able to experi-
ence first hand the structure of Indian organizations and industry linkages
with other institutions, both locally and globally, and to study their evolu-
tion during the period after economic liberalization was initiated.

In this book, I aim to trace the evolution and internationalization of
Indian firms over the last decade. I focus on the role of knowledge in orga-
nizational evolution and in economic development. In addition, I hope to
capture the dynamism and spirit underlying these changes by adopting a
lens that allows for multifaceted perspectives. Using organizational data
from my field studies, I examine the nature of these microeconomic and
organizational changes and their implications at the macro level. These
studies suggest that these micro changes engendered an understanding and
reinterpretation of national identity, aligning it with those prevailing in
industrialized countries.

I am deeply indebted to the organizations that participated in the initial
study and permitted subsequent rounds of interviews at various intervals
since 1993, in 2003, and most recently in January 2007, and to all intervie-
wees too numerous to name individually. I would like to thank especially
all managing directors/organizational heads in India who made the studies
possible, and to the Confederation of Indian Industries, the Consulate
General of India in New York, and state industry ministries who helped
facilitate the work.

I am grateful to Bruce Kogut, Jitendra Singh, Michael Useem, Howard
Perlmutter and Larry Hirschhorn at the Wharton School of the University
of Pennsylvania for helping to encourage, inspire, and evolve the initial
study in 1993. From mid-2001, collaborations with Harbir Singh and Lori
Rosenkopf and interactions with Dan Raff, Peter Cappelli, Mike Useem,
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and others at seminars and conferences at the Management Department at
Wharton were invaluable. I thank Mark Zbaracki, Gerry McDermott,
Saikat Chaudhari, and others for comments on my work. I thank the late
Clifford Geertz of the Institute of Advanced Study in Princeton whose
books and encouragement inspired me and to whom I owe the title of the
final chapter. I also thank Shiv Visvanathan, S. Irfan Habib, Dhruv Raina,
and other scientists in India for helping me to understand the state
of science and technology in India from an academic perspective.
Conversations with Bimal Jalan and R.A. Mashelkar also provided histor-
ical context and inspiration. I thank Jeff Goldstein and Jim Hazy at
Adelphi University for helping me to develop a perspective on complexity
theory and other colleagues at Adelphi for a continuing dialogue. I also
thank Christine Shaw for giving me the historical background on economic
development. Any errors and omissions are mine alone.

Finally, I thank my husband, Ricky, for his unflagging enthusiasm,
encouragement and support, my parents-in-law Atam Dev and Vimla
Nagrath Surie, sister-in-law Meena Wilson, and children Ajay and Aditi for
all they have done for me. I thank my parents, the late Baldev Sud and
Krishna Kanta Ahuja, for having instilled in me a love of learning and dis-
covering how the world works. I thank my brother Sunil Sud and nephews
Adrian, Jai and Nathan for help with the figures and tables at the pre-
publication stage and my sister-in-law Donna for creating a nurturing and
productive work environment. Finally, I would like to thank all my friends
both in India and in the United States for their unfailing support and good
cheer.
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Foreword
Bruce Kogut, Sanford C. Bernstein Professor of
Leadership and Ethics, Columbia University

Ten years ago, it would have caused just about anyone to smile at the pre-
diction that by 2007 the world steel industry would be led by an Indian
entrepreneur who had taken over the prize gems of French, Luxembourg,
and Spanish genius. However stunning, the acquisition of Arcelor by
Lakshmi Mittal represented more a bold financial strategy than a signal of
India’s own technological prowess. Nevertheless, this acquisition was fol-
lowed shortly after by the takeover of the Anglo-Dutch company Corus by
Tata, which had slowly upgraded its technological capabilities in its Indian
operations over decades. Clearly, it could not be denied: something had
happened in India.

But what? It is tempting to look at software and information technology
for clues, for India has undeniably generated several global powerhouses in
this sector. Less than a decade ago, the Indian software industry was called
a ‘body shop’ where boring code was produced according to Western
designs. I recall a meeting that I organized at the Wharton School – where
Gita took her PhD – of top Indian and American software managers to
discuss the then mild topic of ‘outsourcing’. A young head of the software
outsourcing unit of a large American multinational was outright dismissive
of the thought that Indian software firms would be more than a remedy for
bad code (the ‘Y2K’ nightmare) and dependent party to software innova-
tion. It was an interesting meeting because many of the Indian software
managers in that room went on to lead their companies to the top ranks of
world software companies by 2007.

The idea that Indian companies might soon be major players in phar-
maceuticals seems today equally farfetched. Of course, many Indian
companies are already important manufacturers of generic drugs. The
innovative capability to compete in biotechnology seems today a distant
objective. Acknowledging all the caveats in logic by analogy, is it neverthe-
less not reasonable to ask if the experiences of the steel and software indus-
tries might at least demand a more cautious assessment of the speed of
technological learning in some of the poorest countries in the world?
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The world, so unfairly marred by an unequal distribution of income and
wealth, is most cruel in wasting the most precious resource of human
minds. No wonder we often see many of those who have the dual good
fortune of being bright and educated leave their countries for want of
opportunity and make their careers in more wealthy countries. If only these
minds would return to their countries could we then see real progress, it was
often believed.

But this belief, which so often plagued the conscience of those who did
leave, is false. For the great depository of collective intelligence is not the
aggregation of individual brains, but their organization. It is the organiza-
tion that harnesses their capabilities, provides the incentives for innovation,
and gives the capabilities by which to achieve and implement new techno-
logical knowledge. The sudden emergence of Indian multinationals is not
simply a story of individual intelligence and leadership – though one
cannot doubt their importance. Rather, this emergence is the accretion of
decades of collective learning within Indian firms, which, when released
from the shackles of a too paternalistic government, entered quickly into
the world scene as multinational companies.

Gita Surie has gathered in this book a priceless account of the ‘micro
histories’ of some of the most prominent Indian companies in the indus-
tries of steel, software, and biotechnology. The history of the steel com-
panies focuses on their evolution from dependence to innovators by the
creation of a rich community of practice that could absorb and improve
the importation of foreign knowledge. Software is not the same story. The
firms are often relatively young and they were not created in reference to
national industrial planning. Their dynamic is more condensed and their
rise more rapid. The biotechnology industry is the darling of the trio.
Here Gita Surie emphasizes the experimentation in organizational
designs and the implementation of a learning heuristic that relies upon
incremental expansion.

What happened then in India? Gita Surie’s answer is that India devel-
oped over recent years highly capable firms that progressed by organiza-
tional learning and evolution. Of course, in the background are such
factors as the impressive technical institutes, the cost advantage for employ-
ing engineers, and the favorable tax treatment of exports. These factors
have enabled Indian firms to expand, but they do not explain their success.

Ultimately, the story that Gita Surie offers us is an inside look at the his-
torical development of organizations in an emerging market. The detailed
analysis shows a history of trials, many of which failed, some that suc-
ceeded. Economic progress is more than the addition of so much labor and
so much capital. It is rather the outcome of the organization of these
factors of production.
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It is the growing ability of some Indian firms to organize better than
firms located in other countries that explains their entry into the ranks of
the largest multinational corporations. This may seem as a sudden emer-
gence from the outside. Inside, it is the outcome of a lot of hard work and
learning. If the book holds a general lesson for development, it is that orga-
nizations, and not only factors of production or institutions, matter and
matter a lot.
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1. Introduction

This book documents the journey embarked on by firms in five different
industries over the period of a decade (1993–2003) beginning shortly after
the liberalization of the Indian economy in 1991. It includes ‘old economy’
industries such as steel, automotive components, heavy equipment and
other manufacturing industries, and ‘new economy’ industries such as soft-
ware and biotechnology.1

Internationalization has largely been examined from the perspective of
industrialized countries with some exceptions (Dahlman and Westphal,
1982; Westphal, Kim, and Dahlman, 1985; Lall, 1987; Enos and Park,
1988; Chang, 2003; Guillen, 2005) of studies on how developing countries
and emerging economies build capabilities. Although problems and issues
related to development have been widely studied, the emphasis has been on
technology transfer by foreign firms and its attendant difficulties rather
than on the innovative capacities of recipient firms. This book aims to
redress this balance by adopting an evolutionary approach to capability-
building and focusing on innovation in India, a developing country, and to
situate this process in the context of a transition to a market-oriented
economy. Although the perspectives applied in this book are not new, they
have been synthesized and applied in a novel context – an emerging market.

CONTEXT

I draw on a variety of disciplinary perspectives to develop a theoretical
framework for the creation of organizational and technological capabili-
ties. It combines perspectives on social learning, internationalization,
knowledge and capabilities, real options, and complexity theories to yield
a deeper understanding of how internationalization occurs. The analysis
focuses primarily on firms and industries, while the institutional context
and regulatory environment provide the backdrop. I begin with a micro-
level examination of the firm as the context for learning and innovation via
the adoption of new technologies and knowledge from external sources.
Organizational and technological skills are developed by adapting these
new technologies for local use. Successful adoption and assimilation of new
technology, its diffusion and innovation are dependent on the creation of
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communities of practice that encompass inter-firm relationships with
foreign suppliers of technology, inter-departmental relationships within
the firm and relationships with local suppliers. I examine this process of
community creation via an in-depth study of three firms in the steel, con-
struction equipment, and bearings industries located in Eastern India.
These case studies are corroborated using supplemental data from seven
other firms located in Northern, Western, and Southern India. Findings
suggest that internationalization begins with the adoption and replication
of technology and associated organizational practices and culminates in an
identity shift and aspiration adjustment towards becoming ‘world class’.

Despite improvements and capability-building in the manufacturing
sector during the initial stages, global oversupply, commoditization, and
lack of economies of scale constrained the emergence of Indian firms as
important players in global markets. Nevertheless, these early attempts to
modernize and globalize initiated a wider dissemination of the method-
ological approach of scientific discovery and triggered an introspective
examination by firms to discover ‘core competences’ and ‘inimitable
resources’.2 In subsequent stages, Indian manufacturing firms took a more
proactive stance in initiating internationalization using an arsenal of tech-
niques acquired as a result of their encounters with foreign firms.

INDIAN SOFTWARE

In contrast, the emergence of a new industry, software, catapulted India
onto the global stage. Indian participation in software was not hampered
by the regulatory environment, which focused, instead, on computer hard-
ware. While the computer industry was designated a strategic industry,
under the regulatory regime of the 1970s and 1980s, it suffered the same
regulatory restrictions and requirement of indigenization imposed on other
industries. Consequently, the software industry was a peripheral offshoot,
largely unregulated in the 1980s with small firms emerging to provide ser-
vices in the vacuum created by the withdrawal of IBM from India in the
mid-1970s (Heeks, 1996).

Moreover, software was an emerging industry worldwide; leading firms
like SAP, Microsoft, Sun Microsystems and Oracle were established, start-
ing in 1972. Indian entrepreneurs with technical skills acquired at educa-
tional institutions like the Indian Institutes of Technology seized the
opportunities created by the emergence of a new industry and the presence
of a critical mass of skills available in India. Moreover, Indian entry into
foreign markets was facilitated by rising demand for low-cost computer
programming. The large pool of programmers available at lower wages
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presented a labor cost advantage that Indian firms were able to leverage for
their own growth during the 1990s. Advances in technology and experi-
ments with the Internet for commercial use also made it possible for firms
in developing economies to participate in cross-border work leading to its
reorganization and spatial distribution. Just as manufacturing firms in the
industrialized world had earlier sought flexibility through access to manu-
facturing locations in developing countries, knowledge and technology-
intensive firms in the 1990s began to seek low-cost knowledge inputs from
developing countries at earlier stages of the technological life cycle to
alleviate uncertainty and speed the introduction of new technologies.
Consequently, the emergence of knowledge-based industries in the devel-
oping world and its trajectory complements its increasing maturity in the
industrialized world.

The global success of Indian software also sensitized firms in industrial-
ized countries to the advantages of tapping India’s technically skilled work-
force in other knowledge-intensive domains such as biotechnology. While
government sponsorship of science and technology and incentives to build
this industry rendered it attractive for local firms to invest, foreign multi-
national corporations (MNCs) also began attempts to reduce the cost of
innovation while establishing a foothold in new markets. I present evidence
from both biotechnology and software firms and outline the evolution of
participation in the global economy by both Indian and foreign firms in
these industries to contrast with the evolution of manufacturing firms.

RESEARCH QUESTIONS

This book seeks to answer the following questions.: How do firms in devel-
oping countries grow and expand across national boundaries and what
capabilities enable some firms to outperform others consistently? What
organizational processes and practices are effective in enabling participa-
tion in innovation and in fostering wealth creation in an emerging
economy? What factors are impediments, and what ideological shifts are
required for transformation? I do not judge local culture or values.
However, I contrast the new ideologies of globalization with earlier cultural
assumptions to show how adopting new cultural values sets developing
societies on the path of transformation and generates new options.

This book’s central thesis is that firms evolve and grow by developing
internal capabilities and adapting to changes in the environment. Learning
and innovation are the key mechanisms underlying international expansion
and occur through interactions with domestic and international firms and
national and international institutions.
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ORGANIZATION OF THE BOOK

The second chapter outlines theories used in examining firms in both old
and new economy industries. It combines evolutionary and knowledge-
based approaches to understand the emergence and growth of firms in
these industries and study how innovation occurs. Evolution occurs
through knowledge replication and the ability to access new knowledge. In
the absence of knowledge in the local environment, it must be sought exter-
nally. The evolution of new capabilities in domestic firms transforming
them into multinationals involves several steps:

1. In the first stage, community creation is critical to enable knowledge
transfer.

2. In the second stage, which is transitional, newly acquired capabilities
are institutionalized.

3. In the third stage, firms must scale operations, develop complementary
capabilities and access new markets and financial resources to gain
membership and centrality in the global community of firms.3

However, the environment must be sufficiently diversified to absorb the
output of knowledge creation activities. Firm growth is also limited or
inhibited by aspiration levels, the level of specialization in the overall
economy and the ability of firms to accommodate heightened complexity.
Nevertheless, to overcome the limitation of low specialization in the local
economy, the community need not be confined locally but can be globally
distributed. Likewise, the pursuit of deliberate organizational change can
enhance the capacity to absorb complexity.

This framework yields insights on internationalization by developing
country firms that may be applicable, more generally, for the strategic man-
agement of organizations. While strategic management literature has tra-
ditionally emphasized rationality and efficiency in decision-making, this
book suggests that knowledge transmission requires the presence of social
communities. However, the paradox is that while knowledge transmission
necessitates enhancing boundary-crossing interactions to accelerate inno-
vation, appropriating knowledge requires that inter-organizational bound-
aries must be defined and constructed. Thus, by examining cross-border
participation in innovation and inter-firm boundaries, this book also
touches on the question of the boundary between the firm and the market
and, consequently, contributes to literature on the theory of the firm.

Chapter 3 presents the research methods used and provides details about
the evolving research process. The research uses a multiple case-study
design to examine the factors influencing shifts in organizational practices
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and processes that affect the boundaries of communities of practice in
international innovation (Campbell and Stanley, 1966; Yin, [1989] 1994).
Such a design is advantageous when randomization of subjects is not pos-
sible, when relevant behaviors cannot be manipulated, and when examin-
ing phenomena within a real-life context (Yin [1989] 1994). Data are drawn
from over 145 in-depth interviews, observations in situ (meetings, work-
shops, presentations), from company annual reports and industry publica-
tions, and conferences hosted by both academia and industry.

Chapters 4 and 5 document the experience of firms in the manufactur-
ing sector and their evolution into firms that participate in the global man-
ufacturing arena. The first two stages of their evolution are documented in
Chapter 4. Learning is both adaptive and evolutionary, leading them to
become members of a global community of manufacturing firms. The
adoption and replication of practices and processes, and interactions with
members of the community allow them to become participants, albeit
peripherally. This is an iterative process involving adaptation of behavior,
dialogue, and new consciousness of what global membership entails.

Chapter 5 highlights the third stage of global expansion and integra-
tion in manufacturing firms. It suggests that, at this stage, successful tech-
nology adoptions in these firms led to the internal recognition that growth
and expansion would require new strategies to enable participation in a
market that was increasingly complex and no longer confined by national
boundaries. Thus, new strategies and rules were adopted as moves to
position these firms in international markets; in addition, organizational
design had to be altered to match strategy to deal with heightened com-
plexity.

Chapter 6 contrasts the experience of manufacturing firms with that of
firms in high-technology industries. It traces the emergence and evolution
of software and biotechnology firms that were global from the start and
have less administrative heritage. Evidence suggests that strategy is depen-
dent on pragmatism and that commitment to developing expertise is
critical, especially when specialized expertise is lacking. The entry and inte-
gration of Indian firms into the global arena occurs via the adoption of a
variety of roles – as suppliers, as partners in alliances, and as competitors
of multinational companies. These roles provide a mechanism for integrat-
ing the knowledge of the community and enable the replication of the
context of biotechnology and software in a new geographic location.
Linkages with the United States and other locations are noted, including
alliances and the movement of experts between these locations and India.
Moreover, the codification of knowledge enables firms to industrialize the
process of knowledge creation and develop and trade knowledge compo-
nents that are used as real options in the expansion process.
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In addition, in this third phase, interactions with foreign suppliers and
buyers occur on a more equal footing, with greater emphasis on knowledge
production and innovation. Since the environment must be sufficiently
diversified to absorb the output of knowledge creation activities, at this
stage there is increasing specialization in the activities of firms. Moreover,
there is wider recognition that aspiration levels influence firm growth and
that the level of specialization in the economy is not necessarily fixed.
Consequently, this stage witnesses the rise of conscious entrepreneurial
attempts by firms in developing economies to learn and grow internation-
ally. Although specialization may be positively related to the level of growth
since it requires economies of scale for global competitiveness, entrepre-
neurs in developing countries can aspire to become global players by using
a globally distributed community rather than by remaining within national
borders. A consequence of cross-border interactions is the diffusion of
global practices and the creation of markets in new sectors of the economy.

The concluding chapter synthesizes evidence and provides a framework
for the dynamics of internationalization and the emergence of new multi-
nationals as a result of competition and innovation induced by multina-
tional entry. International expansion through acquisition, subsidiaries
and the ability to source work from the United States suggest that India
may be on the threshold of a major leap forward. An implication is that
development may follow a unique path and ‘late movers’ are not neces-
sarily disadvantaged. A separate research study on biotech and software
firms in the United States (Surie, 2004) provides additional insights on
multinational firms and indicates an altered role for India in the interna-
tional network for knowledge. I outline a new hybrid model of organiza-
tion based on the Indian experience that is relevant for the requirements
of societal development. I also compare India’s development with that of
other emerging economies like Korea, China, and Brazil, and conclude by
summarizing a theory of firm growth across borders, suggesting a new
interpretation of how ‘national competitiveness’ and ‘country capabili-
ties’ are likely to evolve in the 21st century.

INDUSTRY BACKGROUND

This research was conducted in several phases. In the first phase of the
research, I examined technology transfer in firms in manufacturing indus-
tries. This field study included an examination of three manufacturing firms
in the steel, construction equipment, and automotive ancillary industries
(such as bearings and pistons and rings) during 1993–96. Follow-up inter-
views were conducted on three of these firms in 2000 and 2003. The steel,
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automotive, and related industries are significant in the manufacturing
sector. Driven by steel-intensive economic activity in many developing
economies, global apparent consumption of steel increased on average by
more than 7 percent per annum since 2002 to reach 1.113 billion tonnes last
year. To meet this increase in demand, steel production accelerated sharply,
reaching 1.24 billion tonnes in 2006, up by 393 million tonnes or 46 percent
compared to its level of 850 million tonnes in 2001. China accounts for
about 32 percent of the world’s apparent steel consumption. Crude steel
production in China rose to 423 million tonnes in 2006 accounting for 34
per cent of world production. In India, the world’s seventh largest producer
of steel, production reached 44 million tonnes. Russian steel production
grew from 59 million tonnes in 2001 to 71 million tonnes in 2006. The share
of other Asian countries (excluding China), NAFTA and the EU-25 has
declined. Crude steel production in 2006 increased from 90 million tonnes
in 2001 to about 99 million tonnes in the US; Japanese production reached
116 million tonnes and production in the EU-25 rose to 198.5 million tonnes
in 2006 (OECD, 2007). Projected automotive capacity (2002–08) is expected
to be the highest in Asia (excluding Japan; Hughes-Cromwick, 2003).
Employment in the motor vehicle and equipment manufacturing industry is
expected to increase 9 percent over the 2000–10 period (US Department
of Labor, 2000–03). Forecasts for earthmoving equipment growth rates
in 2005 (over 2004) range from about 5.6 percent worldwide, 7.8 percent in
the United States, and 6.9 percent in Canada, a substantial acceleration
from the rate of increase during the 1990s, driven by the ongoing economic
recovery and expansion in the developing nations of Asia/Pacific and
Latin America and favorable prospects of economic growth in Eastern
Europe (Association for Equipment Manufacturers, 2004–05). US exports
of construction equipment increased by 30 percent in 2004 compared
with the previous year, an increase that represented US$8.9 billion4 in equip-
ment sold worldwide, with all regions showing double digit increases
(Equipmentworld Magazine, 2005). Consequently, studying these industries
is critical, particularly since emerging markets represent a large proportion
of future demand.

The field study of the software and biotechnology firms was conducted
during 2003. This book focuses on innovation in contexts in which tacit
knowledge and experiential learning are important. Past studies suggest
that biotechnology (Pisano, 2000) and software afford such a context.
During 1993–99, the total R&D expenditure of publicly traded genomics
firms grew 48 percent per annum (OECD, 2001). From 1996–99, US
biotechnology trade grew by 13.2 percent a year on average, whereas tech-
nology transactions increased by 9.5 percent and total trade by 6.5 percent.
The United States is a net exporter of biotechnology products and remains
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a leader on the international market. The share of biotechnology in the
technology trade surplus is twice as large as its share in technology trade
(0.9 percent), suggesting a US trade specialization (ibid.).

Similarly, the software industry, which is part of the information and
communications technologies (ICT) sector, accounts for a large and
growing share of investment and contributed significantly to output
growth, particularly in the United States, Australia, and Finland in the late
1990s (OECD, 2002). Software firms are the most R&D-intensive of ICT
firms, important recipients of venture capital (up to 20 percent of total
technology venture capital in the United States, over 30 percent in Europe)
and increasingly active in patenting. In the United States, software-related
patents now account for between 4 percent and 10 percent of all patents,
depending on how they are counted (ibid.).

Both industries are also rapidly gaining importance in India. The Indian
IT services industry, which began in the mid-1970s, reached the US$10
billion mark in 2002 and was targeted to reach US$77 billion by 2008
(NASSCOM-McKinsey report, 2002). The bulk of the growth was driven
by exports, which grew from US$2.6 billion to US$7.8 billion at a growth
rate of 43 percent per year from 2000 to 2002 (ibid.). Worldwide spending
on IT was estimated to have grown from US$1384 billion in 2004 to over
US$1479 billion in 2005, a growth of nearly 7 percent over the year.
Services, comprising IT services, product engineering and business process
outsourcing (BPO) account for a dominant share (approximately 58
percent) of worldwide aggregate spend and form the fastest-growing
segment (growing by 8 percent in 2005; NASSCOM, 2006). Indian IT
exports grew from US$13.3 billion in 2003–04 to US$18.2 billion in
2004–05. Software and services exports are projected to grow at 32 percent
in the current fiscal year (ibid.).

Similarly, biotechnology is an emerging industry in India. It accounted
for just 2 percent of the global biotechnology market in 2003 and is esti-
mated to grow exponentially over the next five years, with an expected
global market share of 10 percent. The first Indian biotechnology company
was established in 1978; currently there are over 150 biotechnology com-
panies. Biotechnology is considered to be the next major driver of growth
and the Government of India (GOI) has taken special initiatives to
promote India’s biotech industry. In addition, the biotech research plan
outlay has been doubled from INR6.225 billion in the Ninth Plan
(1997–2002) to INR14.5 billion in the Tenth Plan (2002–07). Apart from
funding, the GOI has eased the regulatory framework by approving genet-
ically modified crops, recombinant-DNA products (rDNA) and ethical
stem cell research (ICFAI, 2005).
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AREAS OF CONTRIBUTION

This book contributes to a deeper understanding of processes underlying
internationalization and highlights the relevance of interactions between
industrialized and developing countries in contributing to building capa-
bilities and competitive advantage. The introduction of new technologies
and innovations from external sources acts as a catalyst for new action in
a traditional context, raising local aspirations and catapulting the firms
with the strongest capabilities to the next stage of evolution. From an evo-
lutionary perspective, exposure to new ideas alters the behavior of the
system just as a problem-solving organism changes its behavior by per-
mitting invalid assumptions to be discarded (Popper, 1963). The book
thus suggests that behavioral changes are accompanied by changes in cog-
nitive assumptions through action and links micro-level behavior with
macro outcomes. In this respect, the book contributes to an understand-
ing of the mind–body problem of philosophy in organizational and
socioeconomic contexts. It also highlights the implications for transform-
ing societies when changes in organizational practices usher in new cul-
tural values.

The book also proposes a different theory of decision-making than one
suggested by classical economics, by emphasizing that technology selection
and decisions to innovate or participate in markets result as much from
heuristics of aspiration adjustment as from rational search and optimiza-
tion. Moreover, using bounded rationality heuristics rather than an opti-
mization view of decision-making contributes to the robustness of the new
system rather than to its failure because the resulting externalities yield
societal benefits.

Finally, the book contributes insights on the theory of the firm by
showing how the boundaries of the firm are extended through the creation
and replication of communities of practice across borders. Such commu-
nities facilitate the generation and diffusion of knowledge both in and
across firms. Knowledge transfer, absorption, and creation lead to the
emergence of new identities and involvement in activities that speed the
internationalization of firms in growing industries. Entrepreneurial firms
source new knowledge and leverage capabilities through boundary-
crossing interactions with other organizations (e.g., firms and institutions).
The expansion of the boundaries of the firm via strategic alliances, joint
ventures, and subsidiaries across borders also mirrors a restructuring or
contraction in other firms and industries. Thus, it provides insights on the
processes underlying shifts across industries through strategic action by
firms in a developing economy.
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NOTES

1. The book draws on studies conducted during this period (Surie, 1996; Surie and Singh,
2004).

2. The resource-based literature discusses resources in terms of their contribution to a firm’s
ability to use them in ways that make it difficult for competitors to imitate its products or
services (see Dierickx and Cool, 1989; Barney, 1991). Resources can include core compe-
tencies that provide firms with similar advantages (Prahalad and Hamel, 1990).

3. These stages are used to communicate differences between levels of learning and change.
A staged approach to evolution does not imply that progress is inevitable, neither does it
preclude regress. Thus, growth and exit are equally possible.

4. Billion = one thousand million.
5. Indian rupees.
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2. Stages of globalization: from
knowledge transfer to industrialized
innovation

This chapter presents a framework for understanding how firms in emerg-
ing economies develop and sustain new capabilities and explaining why
some firms outperform others. It outlines the main thesis of this book that
the international expansion of firms follows an evolutionary process and is
an outcome of the development of new capabilities. The chapter discusses
the nature and role of knowledge1 in creating capabilities, three distinct
stages in the evolution of capabilities, and their accompanying modes of
organization (see Figure 2.1). It concludes by suggesting how cross-border
replication of knowledge can be accelerated. By synthesizing different
approaches to internationalization2 and drawing on a variety of theories of
organization such as evolutionary and dynamic capabilities perspectives,
real options theory, learning theory, and complexity theory it is possible to
discern patterns that indicate the presence of distinct stages and organiza-
tional configurations as the firm globalizes.

The delineation of capabilities into distinct stages is used to explicate a
complex phenomenon: namely, the emergence and globalization of firms
from a location designated as ‘developing’ instead of ‘at the technological
frontier’ (Lall, 1987), rather than to suggest rigid or time-bound adherence
to evolutionary processes.3 In the early stages of economic development,
which is designated Stage I, capabilities are lacking in the domestic envi-
ronment.4 Modernization requires investment in new industrial technolo-
gies in multiple sectors, yielding increasing returns (Arthur, 1989; Murphy,
Schleifer and Vishny, 1989), and skilled labor to transform the economy
by shifting the surplus from agriculture, the strongest sector, to technology
and infrastructure (Rosenstein-Rodan, 1943, 1944; Lewis, 1970; Murphy
et al., 1989; Nelson and Pack, 1999).

Investments in industries such as steel, textiles, automobiles, trucks,
heavy manufacturing equipment, and computers aim at building self-
sufficiency and local capabilities (Lall, 1987; Enos and Park, 1988; Heeks,
1996). However, domestic firms face challenges such as scarcity of capital,
lack of technology, skilled workers and managerial capabilities as well as
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the political risk of policy changes.5 Since, at this stage, firms are con-
strained to acquire new knowledge from external sources (Dahlman and
Westphal, 1986), Stage I is referred to as the knowledge transfer stage.6 In
addition, transferring knowledge to local firms by adopting and assimi-
lating new technology from foreign firms also necessitates adopting new
organizational structures.7 Moreover, organizational evolution is accom-
panied by cognitive change, inducing a shift in identity and aspirations
and reducing cultural and technological distance between domestic and
foreign firms.

During Stage II, the acquired knowledge and capabilities are diffused in
the local environment by institutionalizing routines associated with the
acquisition of new technology. Stage II is an extension of Stage I, a transi-
tion period during which other local firms also adopt these routines and
begin to integrate them throughout the organization in preparation for the
next stage of growth.

Stage III focuses on domestic firms’ efforts to participate in global
markets on the basis of their own capabilities by accelerating innovation
and industrializing knowledge production in the local environment. Lall
(1987), Enos and Park (1988), and Scott-Kemmis and Bell (1988) suggest
that the penultimate stage in the acquisition of capabilities by local firms is
the ability to generate new knowledge and innovations independently. A
key challenge for firm survival at this stage is the ability to expand rapidly
and scale operations. Consequently, this stage is marked by the search for
methods and experiments to accelerate innovation by industrializing
knowledge production. By pursuing particular technological trajectories,
the most knowledge-intensive local firms become innovators and creators
of knowledge; their interactions with foreign firms and independent efforts
to expand and compete lead them to participate in the global knowledge
economy.8

The next section describes learning processes. The rest of the chapter
explains how, at each stage, facilitating learning necessitates corresponding
organizational transformation to enhance Indian firms’ capabilities. Each
stage is also distinguished by the use of different modes of knowledge cre-
ation. Figure 2.1 presents the evolutionary model of knowledge transfer,
innovation and internalization

LEARNING PROCESSES

The learning processes explored and developed here are based on Popper’s
(1994) premise that the growth of knowledge is a consequence of problem-
solving. He notes that problems trigger a new aim in organisms, giving rise
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to solutions and novel behavior. Such problem-solving involves learning
and innovation. Analogously, major changes in the external environment
of firms in emerging economies trigger new problems, aims, and a search
for solutions. In searching for solutions, a useful heuristic is to emulate
high-performing firms.9 Consequently, when faced with competition in a
newly liberalized economic regime, Indian firms lacking technological
capabilities to compete with firms from industrialized markets, engaged in
problem-solving and sought new knowledge and technology from external
sources to enhance competitiveness and survival chances. These attempts
to transfer and absorb knowledge to create new capabilities from foreign
sources involved a process of social learning, innovation, and legitimation10

in the local environment.
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Figure 2.1 Evolutionary model of knowledge transfer, innovation, and
internationalization
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Learning is viewed as practice-based and context-dependent rather than
mere mechanical information transfer isolated from practice.11 It involves a
process of social construction and occurs in context via involvement in
work, and is, therefore, ‘situated’ within a community of practice. Through
apprenticeship with experts in the community, learners gain mastery of
tasks, forge new identities, and negotiate meaning through socialization and
membership (Brown and Duguid, 1991; Lave and Wenger, 1991, pp. 47–58;
Wenger, 1998). Through such apprenticeship and participation in the tasks
of the community, novices acquire mastery and adopt a new identity, that
of a member of the community. Thus, the expertise and worldview of a par-
ticular community is transferred to newcomers.

By analogy, the adoption of new technology from external sources
involves the creation of a cross-border community. The central task in
transferring knowledge to build new capabilities is to facilitate knowledge
absorption in a new context. Thus, in addition to transferring technical
knowledge, firms must also be able to build a repertoire of new routines and
transfer-related organizational capabilities. In short, this requires replicat-
ing the community.

Since practice is central to learning, developing cognitive and other capa-
bilities requires that practice and participation are sustained through the
creation of a community. Sustained participation and practice facilitate the
development of two different types of knowledge: subjective knowledge
and objective knowledge (Popper, 1994; see also Figure 2.2).

Subjective or personal knowledge grows through participation because
active involvement in work shapes the personal and social experience of
community membership. Also, participation allows individuals to negoti-
ate and create meaning through their interactions with other community
members. The psychological impact of participation in activity is to
strengthen the new identity of the participant and provide a sense of
affiliation and clues to appropriate behavior (Wenger, 1998).

In contrast, objective knowledge arises from attempts to solve problems
through trials and experiments; solutions to an original problem usually
lead to new problems (Popper, 1994). Such problem-solving is accom-
plished by studying and using artifacts, objects and tools that are products
of the human mind rather than through direct social interaction. Examples
of such artifacts include language, documents, tools, theories, rules, and
procedures. Working with artifacts (for example, modifying a tool or a
blueprint) facilitates problem-solving by enabling individuals to access the
mental realm of creators of artifacts (ibid.). The act of creating new objects
(e.g., producing a machine) enables individuals to externalize the mental
process, engage actively and directly with the created object and make
suitable alterations. Such efforts often yield new discoveries, solutions, and
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problems, sometimes as unintended consequences. The ability to external-
ize mental processes may yield results that often surpass what the individ-
ual may have thought he or she was capable of producing. As a result,
concrete, observable, and lasting traces of the capabilities achieved are
retained.

Thus, participation and substantiation (the creation of artifacts and
objects) are two important interacting dimensions of practice. Participation
involves the renegotiation of meaning in a new context. In contrast, by
revealing new information, the creation of new artifacts makes possible the
conditions for new meanings.12 In turn, their interaction generates new
knowledge that changes assumptions, provides new tools, theories, and per-
spectives. Therefore, facilitating learning and diffusing both personal and
objective knowledge requires organizational environments that support
both participation and substantiation.

STAGE I – KNOWLEDGE TRANSFER VIA
COMMUNITIES OF PRACTICE

The ease or difficulty of knowledge transfer depends on the degree of tac-
itness and extent to which knowledge can be codified (Winter, 1987).
Complex technical knowledge is often tacit and embedded within social
systems. Consequently, its transfer and replication requires the formation
of communities (Kogut and Zander, 1993). Inclusion in the community is
critical since learning requires involvement in practice. Peripheral partici-
pation and legitimacy are forms of participation that are structured to
make the practice of a community accessible to novices and non-members
(Lave and Wenger, 1991). Thus, promoting learning requires that learners
(participating peripherally) experience an approximation of full participa-
tion with access to full practice and communication (i.e., to computer mail,
to formal and informal meetings, to telephone conversations, and to war
stories, problems, and challenges faced by the community) and the know-
how of experts (ibid., pp. 29–43). Moreover, they must be granted sufficient
legitimacy so that the mistakes they make become an opportunity for learn-
ing rather than cause for dismissal, neglect, or exclusion. Denying learners
legitimacy, access to information, or opportunities to practice makes learn-
ing difficult (Brown, Collins, and Duguid, 1989; Lave and Wenger, 1991).

Promoting learning, therefore, requires a modification of the informa-
tion exchange system to enable new participants to perform tasks and solve
problems effectively. Since existing information channels may be inade-
quate, alternative channels and feedback systems may have to be devised
to ensure adequate bandwidth for problem-solving.13 A consequence of
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attempts to establish new information channels may be resistance to change
from members who previously controlled information and fear losing
power.

Therefore, power and authority are issues that must be dealt with to
ensure learning. The circulation and dissemination of new ideas also dic-
tates acceptance of authority based on expertise by the community14 besides
authority based on personality or by virtue of bureaucratic position.15

Novices acquire expertise by participating in the community of practice
(Brown et al., 1989; Lave and Wenger, 1991). Mastery and expertise involve
the ability to participate consciously in the culture through its social
network and language indicating the growth of subjective knowledge. It
also involves the development of objective knowledge as evidenced by the
ability to perform complex tasks, create new products, improvise solutions,
and innovate, a natural consequence of day-to-day problem-solving within
the community of practice.

At a collective level, practice enables the community to re-conceive its
environment and identity. New perspectives of the world emerge from prac-
tice and from boundary-crossing interactions with other communities,
helping to align a local regime of competence with other trajectories and
linking the local with the global (Wenger, 1998). Key processes of this
model are outlined in Figure 2.2.

Mode of Knowledge Production

When knowledge is tacit and contextually embedded, the holistic or craft
mode16 of knowledge transfer via the creation of a community of practice
is necessary. Based on the learning processes outlined above, this involves:

1. enabling membership through relationship development to build trust;
2. aligning organizational design to facilitate boundary connections

and alignment with other communities to enable information flow,
problem-solving and innovation;

3. access to practice to promote the negotiation of meaning and identity.

The community of practice refers to all organizational sub-units directly
involved in technology transfer and the foreign technology supplier.
Extensions of the community include other intra-organizational sub-units,
and the firm’s local suppliers and customers.17

First, in cross-border knowledge transfers, community creation is essen-
tial for the development of local competence. Trust is widely recognized as
contributing to cooperation, information exchange, and enhanced system
efficiency (Arrow, 1974; Coleman, 1988) through reduced transaction costs
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(Kramer, 2000). Lack of trust hampers communication, collaboration, and
involvement in the supply of training, access to knowledge (hardware, blue-
prints, and expertise) and impedes the provision of appropriate guidance
and role models. It also impedes the creation of a common language to
speed information transfer (Arrow, 1974). Finally, in the absence of
effective partner relationships, active participation may not be achieved,
thereby preventing the discard of entrenched assumptions, perspectives,
and theories, and the acceptance of new ones.18

Second, organization design is critical in promoting the diffusion of sub-
jective and objective knowledge through effective boundary-spanning mech-
anisms between internal departments, local suppliers, and other members of
the community. Organization theorists have long observed that while spe-
cialization increases efficiency (Thompson, 1967; Lawrence and Lorsch,
1969; Galbraith, 1973), it also leads to different cognitive and emotional ori-
entations (Lawrence and Lorsch, 1969) that impede knowledge-sharing.
Thus, higher levels of integration and concurrent rather than sequential
task processing are required for improving intra- and inter-organizational
knowledge-sharing (Thompson, 1967; Clark and Fujimoto, 1991; Grant,
1996). Besides serving to disseminate knowledge, boundary-crossing mech-
anisms are also helpful in facilitating problem-solving and innovation.
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Third, as noted above, opportunities to practice are essential for learn-
ing (Leonard-Barton, 1988; Brown and Duguid, 1991). If participation is
aborted, inhibited, or delayed, learning to make new technology operative
can be difficult, costly, and slow. Access to objects and artifacts helps hone
new skills and perspectives and build a shared repertoire of routines across
the community. Engaging with experts helps technology recipients create
meaning and acquire subjective knowledge thus aligning the local commu-
nity with the global community of manufacturing firms.

STAGE II – INSTITUTIONALIZING LEARNING

In Stage II, a transitional stage, knowledge acquired from direct participa-
tion in a technology transfer project is diffused to other parts of the orga-
nization not originally involved in the project. Transferring newly acquired
concepts and practices involves developing a new organizational vocabu-
lary, modifying existing routines and creating new ones until they are stan-
dardized, institutionalized, and taken for granted. This is usually
accomplished by assigning project members who have mastered the new
technology and requisite organizational changes to other areas of the orga-
nization. These new experts disseminate their knowledge by distilling and
codifying what they have learned.19 Institutionalizing learning (Figure 2.3)
generates internal expertise and allows the recipient community to function
autonomously.

STAGE III – FROM CRAFT PRODUCTION TO THE
KNOWLEDGE ASSEMBLY LINE

Industrializing Knowledge Production

The craft mode of knowledge production and transfer involving face-to-
face communication and collocation of communities is necessary in the
face of difficulties in codifying tacit knowledge (Kogut and Zander, 1993;
Surie, 1996; Surie and Singh, 2004). Replicating knowledge is a slow,
difficult process in which competitive imitation takes time (Kogut and
Zander, 1993). This is so because acquiring tacit knowledge requires that
individuals must gain access to the social community, learn its ‘code-
book’,20 and master its worldview.

However, an alternative mode of transmitting and producing knowledge
is feasible when technological advancements such as the Internet and
new information and communication technologies (ICTs) bring previously
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isolated worlds into contact. ICTs help to accelerate the transmission of
knowledge by altering the emphasis on the two dimensions of practice –
participation and substantiation – shifting the focus from the former to the
latter. The use of ICTs permits the replacement of the craft mode of knowl-
edge production, which relies on intensive participation, with an industri-
alized system relying on rapid knowledge codification. Moreover, the drive
to accelerate knowledge production and innovation to compete effectively
propels firms to adopt an industrialized system. Another important reason
is the need to meet uncertainty by aligning strategy with organizational
designs that incorporate flexibility through modularity21 and enable rapid
knowledge decomposition and recombination.

New communication technologies and software techniques (such as
computer-assisted simulation and modeling) facilitate the industrialized
knowledge production by reducing coordination costs and allowing rapid
knowledge codification and dissemination. These innovations challenge
the perception that knowledge codification is slow and difficult and that
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replication can occur only by forming epistemic communities (Cohendet
and Steinmueller, 2000; Nightingale, 2000). Although some knowledge
may be ‘uncodifiable’, the focus here is on knowledge that is, in principle,
codifiable. The ease or difficulty of codification can also be viewed as a
consequence of incentives (Nelson and Winter, 1982). Thus, what is tacit
need not always be so; if economically viable, environments for codifying
and exchanging knowledge can be constructed. Consequently, even new-
comers with investments in learning and using these technologies who
understand the ‘codebook’ are able to access knowledge. Although lack of
contextual understanding is posited to inhibit the transfer of tacit knowl-
edge (Brown and Duguid, 1991; Lave and Wenger, 1991), the problem may
stem from lack of trust and a desire to withhold knowledge that is, in prin-
ciple, codifiable, with those who are not perceived as members of the
community (Surie, 1996; Surie and Singh, 2004). Thus, accessing the tacit
dimension may not be an insurmountable task (Cohendet and
Steinmueller, 2000; Cowan et al., 2000).

ICTs also permit more effective communication of ‘symbolic’ texts and,
thus, promote the exchange of artifacts and tools to aid remote problem-
solving. For example, by communicating scientific working models and
observational data, a more fine-grained understanding of the underlying
assumptions and concepts is possible than from summarized scientific
results. Recipients can use working models to trace and reproduce the
original work, and also use the model or data to support their own con-
cepts, assumptions, and analyses (Cohendet and Steinmueller, 2000).
Although codification does not render the tacit dimension totally irrele-
vant, some face-to-face interactions with human experts can be substi-
tuted by interactions with artifacts22 (Popper, 1994; Wenger, 1998). As a
result, given initial investments in developing requisite skills in the rele-
vant scientific disciplines (the ‘codebook’) and the presence of some
members familiar with the codebook, receivers of codified knowledge
can participate in producing and developing new knowledge. Since
codification externalizes knowledge, it also allows firms to acquire more
knowledge than before for a given (but not necessarily lower) cost and
outsource activities (Cohendet and Steinmueller, 2000). Additionally, by
altering the division of labor, it entails shifting the structure of the orga-
nization and adopting a flexible or modular system of knowledge pro-
duction. Consequently, in this stage, the focus shifts from ‘knowledge
transfer’ in epistemic communities operating in stable environments to
accelerating knowledge production under greater uncertainty by coordi-
nating work in dispersed locations.

Incentives to accelerate the pace of knowledge codification and innova-
tion23 are strong particularly in contexts of uncertainty and rapid change.
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In knowledge-intensive industries plagued by short product life cycles and
facing uncertainty in new technologies, domestic firms face strong pressure
to accelerate innovation and seek new opportunities to enhance survival
possibilities and withstand competition from multinational corporations
(MNCs). The entry of MNCs from industrialized countries as players in
emerging economies is precipitated by: (1) the lure of new markets and
opportunities provided by a growing middle class; (2) rising competition in
home markets, compelling MNCs to seek operating flexibility (Kogut and
Kulatilaka, 1994); and access to low-cost knowledge resources to help
them maintain competitiveness by raising the productivity of innovation.
Similarly, domestic firms in emerging economies seeking to enter global
markets are motivated by the desire to develop new capabilities, acquire
know-how and participate independently as knowledge producers and
innovators in global markets. Consequently, strong incentives exist for cod-
ifying knowledge, which in turn, permits firms to work with collaborators
across borders and also to outsource non-critical activities.24

Knowledge Components and Real Options Heuristics

The industrialization of knowledge production requires low-cost inputs
and a larger scale of production.25 Yet, knowledge production and innova-
tion are fraught with uncertainty both from a technological and market
perspective. One way to overcome uncertainty in the innovation process is
to retain flexibility by following a real options heuristics strategy to limit the
downside (see Surie et al., 2003 for details on real options heuristics).26

Since innovation requires recombining existing knowledge in new ways
(Cohen and Levinthal, 1990; Nonaka, 1994), accelerating codification
facilitates the creation of knowledge components necessary for the critical
process of knowledge recombination (Nonaka, 1994). Various knowledge
components are created at different stages of the technological life cycle
(development, commercialization, adoption, erosion)27 and can be viewed
as knowledge assets (Winter, 1987). Examples of knowledge assets that can
be regarded as intermediate components in the innovation process include
tools, methodologies, patents, products, and services.

Moreover, since knowledge codification permits its valuation, knowledge
assets created at each stage of the technological life cycle can be treated as
real options (Dixit and Pindyck, 1994). This allows the firm to gain new
information through experimentation and learning-by-doing while pro-
ceeding down the innovation path and deferring the decision to continue or
discontinue investment until greater certainty is achieved. For example,
R&D at the discovery stage of the technological life cycle that leads to the
creation of knowledge assets such as tools, methodologies or patents can
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be licensed to other firms at interim stages to gain access to complementary
resources. Likewise, the firm can establish rights to the knowledge embod-
ied in a patent or product when entering a joint venture for development or
alliance to develop a new technology (patents and R&D can be viewed
as real options; Schwartz, 2003; McGrath and Nerkar, 2004). Similarly,
research produced by third parties can be valued and treated as a real
option. Thus, at each stage of the technological life cycle, the firm can
choose to exercise the option to continue investment or terminate through
exit options28 or take advantage of new emergent options (Bowman and
Hurry, 1993) such as an alliance or acquisition to co-develop or to com-
mercialize the technology, or opportunities to license technology at later
stages of the technological life cycle. Thus, in situations where there is a
high degree of uncertainty, firms can gain more information about the tech-
nology and market by making small, incremental investments and regard-
ing each intermediate asset or opportunity as a real option.29

New organizations lacking knowledge and complementary resources
are likely to adopt a real options approach, either implicitly or explicitly.
Research on new ventures in knowledge-intensive industries such as
biotechnology suggests that the model followed by new firms for capability-
building and growth may be characterized as one that favors ‘open innova-
tion’ (Chesbrough, 2003) and sources knowledge externally rather than
relying solely on internally generated knowledge. Open innovation, in turn,
is possible because of the availability of tacit knowledge via licensing, since
know-how is often bundled with complementary inputs in technology
packages (Arora, 1996).30 Evidence from new biotechnology firms (NBFs)
indicates heavy use of alliances for expansion over the technological life
cycle (Oliver, 1994; Powell, Koput, and Smith-Doerr 1996). Thus, greater
availability of upstream technologies through licensing from industrialized
countries enables firms in emerging economies to acquire advanced and
complementary technologies more readily.31 These collaborations also
enable firms in emerging economies to build capabilities and participate in
global markets as sellers of services, components, and/or final products.
Examples include the provision of customized software services and com-
ponents such as patents developed internally or in collaboration with other
firms.

Evolving Trust in New Networks

As in the first stage when learning from suppliers required establishing
trust, the adoption of a real options heuristics strategy is also facilitated by
evolving trust in new cross-border networks and adopting innovations in
organizational design to align with strategy.
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Although codification and modular systems permit the geographical
dispersion of innovation, lack of trust among partners in negotiations
regarding the appropriation of knowledge can impede knowledge-sharing.
Moreover, the dissemination of knowledge can reduce the competitive
advantage of the supplier firm (Kogut and Zander, 1995; Gulati and Singh,
1998), particularly in ‘winner-take-all’ markets.32 Consequently, the ability
to appropriate knowledge is relevant. Knowledge is shared within commu-
nities when participants adopt a common code, norms, and practices sig-
naling trustworthiness and credibility. Therefore, the transfer of tacit
knowledge across borders is generally accomplished through the establish-
ment of subsidiaries or hierarchical expansion. However, the rapid rise of
cross-border innovation communities with participants from both indus-
trialized and emerging economies coordinating knowledge-sharing across
national and firm boundaries presupposes that trust exists (Arrow, 1974).
Even though these communities are dispersed across borders, trust-based
relationships exist between firms in industrialized countries and firms in
emerging economies for three reasons.

First, a history of ‘learning by doing’ enabled firms in developing coun-
tries to participate in knowledge transfer and adopt the norms of multina-
tional firms through interactions with individual experts in innovation
communities of industrialized countries (Saxenian, 1994; Almeida and
Kogut, 1999). In addition, past experience with technology collaborations
and joint ventures has familiarized domestic firms with organizational
practices of multinationals.

Second, local firms participating in cross-border knowledge production
have gained increasing familiarity with relevant global standards. The
widespread adoption of quality certification programs such as the ISO
coupled with information availability via the Internet has also helped to
diffuse ideas of empiricism, scientific rationality, and efficiency (Zbaracki,
1998; Arora and Asundi, 1999).33 Also, by participating in global markets,
emerging market firms are also familiar with requirements imposed by
global institutions such as the World Trade Organization (WTO).

Third, a key factor in building a trust-based network is the likely loss of
reputation and credibility if local firms do not respect contractual obliga-
tions in interactions with multinational firms. Thus, interactions between
local and foreign firms are not viewed as one-shot, but as moves in a long-
term, multi-stage game. Consequently, sharing knowledge and building
trust in interactions can be regarded as the price of participating in cross-
border innovation. Additional mechanisms for establishing and maintain-
ing trust have also been established in these cross-border networks. An
important mechanism is the use of contracts that allow participating firms
to negotiate and assign ownership of the knowledge generated before
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engaging in collaborative knowledge production.34 Traditional methods of
protecting knowledge such as patenting are also used particularly when the
knowledge shared is proprietary or considered a primary domain of activ-
ity for the participating firm.

Aligning Organizational Design with Strategy Via Heteromorphic
Organization

Accommodating rising technological complexity and environmental uncer-
tainty requires innovations in organizational design that enable coordina-
tion within increasingly complex systems. In addition, facilitating a real
options heuristics strategy dictates the adoption of a matching organiza-
tional design to enable the evolution of complexity (Simon, 1956).
Consequently, instead of pure hierarchies or markets, hybrid organiza-
tional solutions may be required over time to permit operating flexibility
and allow the achievement of a variety of strategic goals.

By enabling codification, ICTs also permit the use of multiple organiza-
tional designs. For example, firms can adopt organizational design princi-
ples such as modularity (Baldwin and Clark, 2000) more easily. Modularity
helps to encourage boundary-crossing interactions between different com-
munities of practice,35 promote experimentation, and enable speedier
problem-solving and innovation.36

Modular systems are composed of units (or modules) that can be designed
independently but still function as an integrated whole. Modularity is
achieved by partitioning information into design rules that are visible while
keeping other design parameters hidden (ibid.). Visible rules are decisions
that affect subsequent design decisions and involve the architecture, inter-
faces, and standards. The architecture specifies the modules composing the
system and their functions. Interfaces provide parameters for the interac-
tions of modules. Standards can be developed for testing a module’s confor-
mity to the design rules and for measuring one module’s performance relative
to another. Hidden design parameters involve decisions that do not affect the
design beyond the local module. For example, in automobile manufacturing,
modular organization allows complex processes to be split up among many
factories and even outsourced to different suppliers (ibid.). By analogy,
modular organizational systems can also be adopted to accelerate knowledge
production through distributed innovation.

However, hierarchies may still be necessary to appropriate knowledge as
noted earlier, for example when commercialization is at hand. Thus,
depending on the context and stage of the technological life cycle, using a
real options heuristics strategy while engaging in cross-border knowledge
production entails a variety of organizational mechanisms ranging from
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hierarchies to alliances and contracts. A consequence is the emergence of
heteromorphic organizational form (H-form organization),37 one that uses
a combinatorial approach to structure and consists of multiple structures
over time to match the production of knowledge components with the
appropriate coordination mechanism. An organization may begin as a
hierarchy and evolve to a modular structure. Conversely, an organization
may adopt a more flexible structure at the beginning and then revert to
hierarchy. Thus, organizational form itself is an experiment and evolves
over time to match strategic goals (see Figure 2.3 for an elaboration of this
model).

Combining a real options approach with the creation of knowledge
assets reveals insights about the formation of markets for knowledge. It
also suggests how rules evolve for linking cross-border communities of
practice and generating inter-organizational networks. A consequence of
the circulation of new ideas, technologies, and best practices in these net-
works is that local firms are able to acquire new skills, benchmark perfor-
mance, adjust aspirations and adopt a new identity, that of ‘world class’
firms, and emerge as new players in the global economy.

CONCLUSION

In summary, the conceptual framework developed in this chapter suggests
that organizational evolution occurs in stages and is dependent on the envi-
ronmental and historical context at founding. In the first stage, local firms
acquire technology and knowledge from external sources through learning
via apprenticeship. As knowledge is institutionalized and diffused in the
local environment, aspirations are adjusted and firms attempt to expand
domestically and overseas. In later stages, the evolution of organizational
capabilities is accelerated by the de-contextualization of knowledge pro-
duction. This is accomplished by industrializing the creation of knowledge
components and facilitating their exchange for complementary resources
via a real options heuristics strategy and heteromorphic organizational form
(H-form organization). Existing organizational structures in established
firms are reconfigured to shift away from integrated modes of production
that emphasize sequential information processing to more flexible modes
that enhance information-processing capabilities at each stage in the evolu-
tion of the firm. While organizational inertia may delay a costly and difficult
shift in established organizations, flexible structures may be more readily
adopted at founding in new organizations participating in a global economy.
As a result of adopting more flexible and modular design approaches to
grow and expand, a new organizational form, heteromorphic organization
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(H-form organization) – including hierarchies, alliances and contracts –
emerges over time, enabling the firm to maintain flexibility and gain access
to new resources. It also allows firms to exploit current capabilities while
simultaneously exploring the uncertain terrain of innovation.
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Figure 2.4 Industrializing knowledge production via knowledge options
and the heteromorphic organization
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NOTES

1. ‘Knowledge’ in this book refers to skill, technique, art encompassing both science and
technical aspects as well as managerial and human aspects (see Hall and Johnson, 1970).

2. Hymer’s ([1960] 1976) theory of internationalization as a consequence of ownership
advantage is given further impetus in knowledge-based theories of internationalization
(Kogut and Zander, 1993) where knowledge is the basis for ownership advantage. The
present discussion focuses, instead, on how such knowledge-based ownership advan-
tages arise.

3. Evolution is used to denote change over time; the evaluation and judgment of whether
evolution is progression in a moral sense is not addressed here.

4. As noted in the introductory chapter, evolution does not necessarily imply that progress
is inevitable, nor does it preclude regress.

5. As Stiglitz (2004, p. 24) notes: ‘development represents a far more fundamental trans-
formation of society, including a change in preferences and attitudes, an acceptance of
change and an abandonment of many traditional ways of thinking’.

6. Reddy and Zhao (1990) provide a useful review of various strands of research on inter-
national technology transfer ranging from the impact on the home country (Mansfield
and Romeo, 1980; Mansfield et al., 1983) and host country (Todaro, 1985), MNCs as
possessors of quasi monopolistic advantages influencing transfer (Hymer [1960] 1976;
Kindleberger, 1969), adaptation of technology by MNCs (Davies, 1977), choice of tech-
nology to transfer (Vernon, 1966), host country regulatory policies (Katz, 1985; Lall,
1985), mode of technology transfer (Hufbauer, 1966; Davidson and McFetridge, 1985)
to determinants of adaptation and effective technology absorption (Dunning, 1981;
Dahlman and Westphal, 1982) and transfer costs (Teece, 1977). In this research devel-
oping countries are largely viewed as recipients of technology from developed countries
such as the United States.

Although historians of science and technology (Raina and Habib, 1996) have noted
the existence of indigenous technologies and argued that Indian scientists made many
independent contributions to science, for the purposes of this book, I focus on technol-
ogy transfer as an important method of knowledge acquisition for industrialization.
Such borrowings are not unprecedented; active trade between ancient India and Western
Asia suggests that the circulation, transfer, and adoption of new knowledge is normal in
flourishing states (Coomaraswamy, 1965). This includes borrowings such as the Western
notion of linear time (for an excellent account see Sarkar, 2002, pp. 10–37).

7. Chandler (1962) notes the importance of structure and design to accompany strategy;
similarly, based on the work of Simon (1956), Cyert and March (1963) and Nelson and
Winter (1982) suggest that routines are the mechanism by which structural changes are
achieved. Davidson (1983) also indicates the importance of structure in international
technology transfer.

8. This observation was made earlier by Cantwell (1989) but has been insufficiently
explored.

9. This is akin to processes of normative and mimetic isomorphism described earlier by
DiMaggio and Powell (1983).

10. See Raina and Habib (1996).
11. See Lave and Wenger (1991) and Wenger (1998) for further details of how learning is

based on the creation of social communities and the characteristics of communities of
practice.

12. This is akin to Nonaka’s (1994) distinction between tacit and codified knowledge in his
discussion of knowledge creation. Participation can be viewed as necessary for the trans-
fer of tacit knowledge while codification accelerates its transmission.

13. Clark and Fujimoto (1991) note the importance of bi-directional feedback in new
product development projects. Similarly, Daft, Lengel, and Trevino (1987) note that
face-to-face or high bandwidth communication is necessary for the complex tasks of
management.
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14. As noted later in this chapter, power is not static but shifts with the circulation and
diffusion of knowledge. Appropriation by others in the local community may cause
power shifts away from experts, particularly as the organization expands.

15. While Weber’s (1946) seminal insights on power and authority remain relevant, the
context of learning requires a corresponding shift of power to the learner as he or she
gains mastery.

16. The craft mode of production refers to an apprenticeship model as described in Piore
and Sabel (1984) and Lave and Wenger (1991).

17. Characteristics of such communities identified by Wenger (1998) include: (1) sustained
mutual relations, (2) shared ways of engaging, (3) rapid flow of information and propa-
gation of innovation, (4) absence of introductory preambles, (5) quick set up of prob-
lems to be discussed, (6) substantial overlap in participants’ descriptions of who belongs,
(7) knowing what others know, what they can do and how they can contribute to an
enterprise, (8) mutually defining identities, (9) specific tools, representations and arti-
facts, (10) shared stories, jargon, and shortcuts to communication.

18. Popper (1994) notes that the growth of knowledge involves testing assumptions and the-
ories; the result is the emergence of new assumptions and theories.

19. This process is similar to Nonaka’s (1994) knowledge creation cycle in which tacit knowl-
edge is first articulated and codified, and, subsequently re-embedded in routines so that
it becomes tacit. Well-known examples include studies by Bartlett and Ghoshal (1988)
and Ghoshal and Bartlett (1990) on internal transfers within multinationals like Philips
and Matsushita; an early version of organizational practices required for lean produc-
tion are described by Aoki (1990) in his work on the Japanese form of organization.

20. ‘Codebook’ refers to the specialized language of the community. For example, each
domain of science has its own vocabulary and terms that only members of the commu-
nity understand (Cowan, David, and Foray, 2000).

21. A modular organizational structure (Baldwin and Clark, 2000) is one that permits col-
laboration by many individuals, yet permits each participant to work individually.

22. These include documents, working models, methodologies, tools, concepts, and so on.
23. Since innovation depends on recombining knowledge, it is linked with the pace of knowl-

edge codification (Nonaka, 1994).
24. The trend of outsourcing activities is prominent and continues to accelerate in industri-

alized countries.
25. Chandler (1990) attributes the rise of the modern corporation to the industrialization of

production, which necessitates the use of technology to increase the scale of operations
and accelerate throughput. By analogy I apply these ideas to knowledge production.

26. A real options heuristic is a guide for making strategic investment decisions under uncer-
tainty by treating such investments as real options. Real options are investments resem-
bling financial options whose value is a function of volatility and time to expiration
(Kogut and Kulatilaka, 2001). As volatility or general uncertainty associated with an
investment increases, the investment is discounted because of risk aversion, while the
reverse is the case for a call option that increases in value as volatility increases. Since the
downside risk is limited to the cost of the option, increased volatility increases the chance
that the price of the underlying asset may exceed the exercise price before expiration
without increasing the downside risk (Mitchell and Hamilton, 1988).

27. These stages are well recognized in research on technological innovation and its diffusion
(Rogers [1962] 1995).

28. Schwartz (2003) notes that the abandonment option represents a large portion of
the project’s value when the project is marginal and/or when uncertainty is large. A
termination strategy often involves using joint ventures. Kogut (1988; 1989) and Bleeke
and Ernst (1991) note that the majority of joint ventures are terminated through
acquisitions.

29. While problems of valuation are well known, I focus on the decision-making and infor-
mation-gathering aspects of using a real options heuristics strategy, particularly under
uncertainty. See Surie, McGrath, and MacMillan (2003) for an elaboration of real
options heuristics strategy.
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30. Using data on 139 leading chemical technologies, Arora, Fosfuri, and Gambardella
(2001) found that the presence of technology suppliers operating in industrialized coun-
tries increased investments in chemical plants in less developed countries. They argue
that upstream specialized technology suppliers can benefit downstream firms by licens-
ing technologies, especially those that are technologically less advanced.

31. This is corroborated by Acs, Audretsch, and Feldman’s (1994) finding in the United
States that small firms’ innovative capacities depend on investments that other firms and
institutions make in R&D. Thus, small firms benefit from R&D spillovers.

32. See Noe and Parker (2005) and Salganik, Sheridan Dodds, and Watts (2006).
33. This is not to imply that scientific ideas of empiricism and rationality did not exist pre-

viously. However, the wider dissemination of these ideas is accomplished through the
adoption of ISO-type standardization.

34. Stiglitz (1989; 2004) noted that an impediment to development is the paucity of appro-
priate institutions to support markets. The transformation from ‘status’ to ‘contract’ in
developing economies is profound (Lewis, 1970).

35. Communities of practice include such groups as those involved in buyer–supplier rela-
tionships and interactions across borders and within each country. Communities of
practice also span relationships and interactions between different groups within the firm
such as product design and marketing.

36. Modularity offers advantages in design because experimentation and improvement of
components can occur within a module, behind an interface, without compromising the
efficacy of other components and without requiring a change in overall system archi-
tecture. Likewise, architectural changes can be accommodated with minimal effect on
individual components. This is advantageous when the complexity of the product
requires the collaboration of many, none of whom can know all of the design individu-
ally. Hence, responsibility for component, interface, and system architecture design can
be distributed. Local decisions about components need not affect the overall architec-
ture and system. Similarly, project managers can alter system architecture without reduc-
ing individual component functionality. In the absence of modularity, component
experimentation must be more tightly integrated and coordinated because of interac-
tions between modules and the system-wide effect of these interactions (Baldwin and
Clark, 2000). Thus, modularity provides a way to divide overall system labor and knowl-
edge so that individuals responsible for the system, components, and sub-systems can
experiment and make improvements independently.

37. The word heteromorphic refers to an evolving organism, one that changes its state and
encompasses two or more states simultaneously. Heteromorphic (H-form) organization
emphasizes flexibility and blurs the boundaries between markets and hierarchies; in con-
trast multi-divisional (M-form) organization (Williamson, 1975) emphasizes hierarchy
as a means of gaining efficiency via minimizing transaction costs.
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3. Methods

This book uses a case-study approach to examine how domestic firms in an
emerging economy evolve through interactions with foreign firms. The data
collection and analysis were conducted in stages from 1993–2007. In the
first stage, the study covered ten firms in the manufacturing sector, includ-
ing construction equipment, steel, automotive components such as bear-
ings and pistons and rings, power equipment, motorcycles, agricultural
equipment, and engines for tractors, utility vehicles, and automobiles. The
manufacturing sector was selected for its critical importance to developing
countries, capital intensity, and relevance in international markets. In the
second stage, the focus shifted to newer, high-technology industries and
included firms in the software and biopharmaceutical industries. These
industries were included because of the increasing importance of ICT-
based industries in industrialized countries, the rising presence of Indian
players in this arena and to determine whether these firms followed a
similar evolutionary path to manufacturing firms. Firms from both manu-
facturing and high-technology sectors were revisited in the third phase to
obtain a broader perspective of the economy.

A case-study approach was deemed relevant because of the nature of the
research questions. Initially, the objective was to focus on organizational
processes to explain how learning occurred in technology transfer situa-
tions and why some firms absorbed technology more readily than others.
In later phases of the study the objective was to understand how expansion
and internationalization occurred and whether firms in different industries
employed similar processes and followed similar evolutionary paths. The
Indian environment provided a real-life context in which to examine a
‘natural experiment’ that was most readily accessible via a case-study strat-
egy. Multiple sources of evidence were included, ranging from direct obser-
vation to systematic interviewing to obtaining data from public and private
archives. Moreover, since context is important, any fact relevant to the
stream of events describing the phenomenon is a potential datum in a case
study (Yin [1989] 1994).

In studying the evolution of these firms it was necessary to examine the
phenomenon of learning and growth from varied perspectives. Individuals
working at different levels and functional areas within these organiza-
tions were interviewed to understand interacting factors: the engineers,
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managers, and executives involved in introducing and implementing new
technology projects, formulating and implementing strategy, conducting
R&D, and bringing new products to market. Consequently, the use of a
case-study approach was considered appropriate to facilitate ‘Verstehen’
(understanding).

RESEARCH DESIGN AND CASE SELECTION

A multiple-case design was employed to allow for comparison across cases
and ensure that the emerging theory could be extended beyond insights
offered by a single case. Multiple cases also help to guard against potential
biases such as misjudging the representativeness of a single event (Tversky
and Kahneman, 1986), increasing the salience of a datum because of avail-
ability, or biasing estimates because of unconscious anchoring (Leonard-
Barton, 1990). Cases were selected to permit literal replication (cases for
which similar results are predicted), or theoretical replication (cases for
which theory predicts contrary results), an approach that is similar to that
underlying multiple experiments (Yin [1989] 1994, pp. 52–4) and one that
would permit the development of a theory relevant to different situations
and capable of explaining both success and failure.

Exploratory interviewing in the early stages of the study in 1993
revealed three potential sites (at firms that are part of one of the largest
conglomerates in India) where foreign technology had been adopted. The
first case, a construction equipment firm, had transferred technology suc-
cessfully (via technical collaboration or licensing in which local manage-
ment retained control over technology implementation). As one of the
oldest engineering firms in India with a long history of technical collabo-
rations, it was selected as an ideal case. The second case, the bearings firm,
was included to allow for theoretical replication since it was a transfer by
joint venture. It was anticipated that the proprietary nature of the tech-
nology would inhibit transfer. Literal replication was also sought in the
third case, a steel firm, in which transfer was accomplished via direct
import of technology and equipment. This firm was selected because it
was one of the oldest firms in India and with a history of technology trans-
fers was likely to have developed routines for technology transfer.
Moreover, it was expected that using the appropriate organizational
processes would be as relevant in a continuous process manufacturing firm
as in batch manufacturing firms. The following criteria were used to select
the three initial cases:

1. The recipient firms were large, established companies in India.
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2. The industries were similar (occupations and key operations employed
were similar – machinists, drafters, machine tool cutting operators,
lathe and turning machine tool operators; key operations included
grinding, heat treatment, turning. (Industry – Occupation Matrix, US
Bureau of Labor Statistics, in Darnay, 1993).

3. Project sizes were similar (over INR50 million).
4. All the firms employed mature technologies.
5. Transfers were to the same location, allowing for control of regional

effects since all three firms draw on the same labor pool and hence have
access to similar levels of technical skill.

The key difference between the three cases was the mode of transfer. Each
firm used a different mode: technical collaboration, direct import of equip-
ment, and joint venture.

The same logic was followed in selecting the seven remaining cases from
the manufacturing sector. They were included because the technology
transfer projects were accomplished either by joint venture, technical col-
laboration, or direct import during the same time period (1980s onwards).
It was expected that when conditions matched those outlined in the frame-
work (Stage I; organizational processes and systems match task demands)
transfer is more easily accomplished, thus providing literal replication.
Alternatively, when different conditions prevail, a match between processes
and task requirements is not achieved and knowledge is not easily shared,
transfer is more difficult, leading to theoretical replication. A two-step
process was followed to identify these firms.

First, firms in the manufacturing sector that were potential recipients of
technology were identified using three sources: (1) a directory published by
the Confederation of Indian Industry (CII; 1994) listing members and
company information; (2) a directory listing foreign collaborations in
different industries, which was used mainly to identify technology recipi-
ents; (3) a list of likely candidates in the Delhi region provided by the
Industrial Credit and Investment Corporation of India (ICICI). Second,
based on this information, a shortlist was developed and, with the help of
the CII, letters were sent to the managing directors or senior executives of
each of the targeted firms requesting information about the transfer and
permission to conduct the research. The target firms were among the top
Indian companies in terms of sales turnover and in most cases, the suppli-
ers of technology to these companies ranked in the top ten in their respec-
tive industries. Of the 11 companies initially identified as suitable, five firms
in and around Delhi were finally included in the study, one firm in the
Western region and one in the South in addition to the first three cases in
the Eastern region. The rationale for varying the geographical location was
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that it would be possible to examine whether the emerging theory was
robust in different contexts. Finally, depth of access, of critical importance
in field research, was an important consideration in site selection, particu-
larly in the three initial cases.

In 2000, I conducted further interviews at the three firms initially
selected for the study. In a later phase of the study (2003–07) the objective
was to examine the phenomenon of international expansion via cross-
border innovation. To do so, it became necessary to study innovation-
intensive firms and their interactions with multinational firms. Again, a
multiple-case design was employed to examine two high-technology
industries – biotechnology and software – to facilitate cross-case com-
parisons (Glaser and Strauss, 1967; Strauss and Corbin, 1990). Both
industries are knowledge- and innovation-intensive, and thus provide an
appropriate context for examining the research question (Pisano, 2000).
Additionally, changes in the Indian environment yielded a setting in
which to examine the effects of uncertainty. Both industries are important
globally. The United States is a leader in both industrial sectors, which are
strong contributors to cross-border trade (biotechnology trade grew by
13.2 percent on average from 1996–99), important recipients of venture
capital, and active in patenting (in the United States, software-related
patents account for 4–10 percent of all patents). Both industries are also
gaining importance in India. The Indian IT industry, which began in the
1970s, is expected to grow to US$77 billion by 2008 (NASSCOM-
McKinsey Report, 2002). While biotechnology is an emerging industry in
India, it is expected to attain a global market share of 10 percent in the
next five years and is being actively promoted by the Indian government.

As before, online lists of biotechnology and software companies from
two states in India, Andhra Pradesh and Karnataka (where the majority of
the leading biotechnology firms are located) were developed in 2002 and
firms were selected using theoretical sampling (Eisenhardt, 1989; Yin [1989]
1994). Firms were contacted by e-mail and a total of 18 organizations were
selected. These included six software firms, eight biotechnology firms, two
associations (one in each industry), a life sciences laboratory in a univer-
sity, and the industry ministry of a state promoting both industries. Two of
these firms were software subsidiaries of US multinational corporations
(MNCs) and two were R&D centers of global pharmaceutical firms. The
rest were Indian firms. It was anticipated that by including a diverse array
of industry participants and network actors it would be possible to obtain
a variety of perspectives and gain a fuller picture of each industry. In 2007,
several of the firms that were part of the previous two studies were con-
tacted. Among these were four manufacturing companies, a biotechnology
firm and a biopharmaceutical company. In addition, some new ones were
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opportunistically included. These included a heavy commercial vehicles
(trucks and buses) manufacturer and mining services firm in Southern
India. Moreover, selected scientific institutions, industry associations, and
government departments were also included to gain an understanding of
the state of science and technology and R&D capabilities in India. The
names of all organizations have been disguised for confidentiality.

DATA COLLECTION

Data were obtained from multiple sources including semi-structured inter-
views, documents such as annual reports, company newsletters, press
releases, internal reports, published sources, and websites. A survey ques-
tionnaire was administered for the initial study. The paucity of responses
despite tremendous follow-up led to abandonment of this strategy in favor
of interviews. Interviews were semi-structured, conducted at the research
site, and used a protocol following guidelines outlined by Eisenhardt (1989)
and typically ranged from one to two hours. Interviewees were CEOs,
senior executives, or R&D heads in both Indian firms and MNCs.

I conducted about 85 formal interviews from 1993–2000. During this
time, I also attended meetings at ten sites, conducted workshops, and
taught executives in two leading business schools. This immersion in the
environment gave me a rich understanding of the changing context. In
2003, I conducted approximately 30 interviews followed by another 30
interviews in 2007. Direct observation of researchers at the various sites,
presentations, and facilities tours with members of R&D organizations
helped provide a ‘real time’ aspect to the research and first-hand under-
standing of the kind of technology used and how research was conducted.
Following strict case-study protocol, with the exception of about 12 inter-
views, all interviews were audiotaped and transcribed. Some data were also
collected via questionnaires.1 Interview notes were taken in most instances
and were used when tapes were unavailable. The interview data were trian-
gulated by cross-checking information against archival and public docu-
ments and information derived from informal meetings. In addition, while
establishing rapport with interviewees, I took note of my own responses to
interviewees as well as the location and context of the interviews to remain
aware of interviewer bias.

Data collection was continued to the point of ‘saturation of categories’
and the emergence of regularities (Miles and Huberman [1984] 1994).
While these methods permitted me to develop a keen sense of the context
and organizational processes, it cannot be said that systematic random
sampling was pursued.

34 Knowledge, organizational evolution, and market creation



DATA ANALYSIS

Since statistical methods were inappropriate, a more qualitative approach
was used following guidelines recommended by Miles and Huberman
([1984] 1994), Yin ([1989] 1994) and Strauss and Corbin (1990). Analyzing
case-study evidence consists of ‘examining, categorizing, tabulating, or
otherwise recombining the evidence to address the initial propositions of
the study’ Yin ([1989] 1994, p. 105). Miles and Huberman ([1984] 1994,
p. 21) suggest that ‘analysis consists of three concurrent flows of activity:
data reduction, data display, and conclusion drawing or verification’.

Data were analyzed by reducing transcripts to categories and empirical
findings (Glaser and Strauss, 1967; Yin [1989] 1994; Strauss and Corbin,
1990). The data analysis process iterated between theory and data; while
initial constructs were drawn from the literature, they were not imposed.
Rather, empirically based patterns (Yin [1989] 1994) were compared with
past literature using a pattern-matching logic. For example, in the first
study, I approached the firms with the technology transfer and interna-
tionalization literature in mind. However, as data collection progressed, the
emphasis on improving quality, becoming ‘world class’ and ‘a learning
organization’, led me to incorporate the literature on learning via building
a community of practice to categorize findings.

In the second study on knowledge-intensive high-technology firms, the
empirical data suggested that interactions between Indian firms and MNCs
stemmed from the need to pursue opportunities in a new market while reduc-
ing costs and risk. The ubiquity of such partnerships suggested that each
firm2 was pursuing a strategy to maximize options and led me to incorporate
the real options literature. Involvement in another study on biotechnology
and software firms in the United States (findings not reported here) led me
to confirm the relevance of real options for this framework. Thus, following
the methods of inductive theory development, I next focused on mechanisms
that enabled firms to follow a real options heuristics strategy and examined
situations that either fit or did not fit these categorizations. Based on analy-
ses of focal firms in the biotechnology and software industries that were fol-
lowing an expansion strategy, I then used analytical replication to determine
whether the framework developed was confirmed or disconfirmed in the rest
of the organizations. I developed tabular arrays to draw comparisons across
cases (Eisenhardt, 1989 and Miles and Huberman [1984] 1994). These analy-
ses helped to construct a framework based on knowledge for international-
ization and the evolution of firms and markets.

In the last phase of the study conducted in January 2007, the data
confirmed the expansion and evolution of domestic firms. After revisiting
some of the manufacturing firms as well as some of the high-technology
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firms, it appeared that firms in both industries were pursuing a similar
approach and faced similar challenges. The emphasis on growth and the
need to achieve scale were common themes in most interviews. In addition,
a common feature was the use of standardization in achieving scale while
trying to retain flexibility, leading me to focus on how complex systems
evolve and adapt. Hence, I incorporated the literature on complex adaptive
systems into the framework. Consequently, the overarching theoretical
framework presented in the last chapter is a synthesis of various theoreti-
cal approaches that emphasizes the primacy of aspirations, experimenta-
tion, and entrepreneurship.

The patterns deciphered are presented through the prism of focal cases
to preserve the richness of context while illustrating the framework.

LIMITATIONS

While the case-study design and qualitative methods were deemed appro-
priate for studying cross-border learning and evolution of firms, there are
some limitations. The vulnerability of the data to subjective interpretation
and difficulties in analyzing voluminous amount of data are well known
(Leonard-Barton, 1990; Miles and Huberman [1984] 1994). The time-
consuming nature of multiple case-studies and labor intensity of the data
collection process (given that it requires establishing rapport and develop-
ing relationships at various research sites) is evident. In addition, the
research must be coordinated to ensure that insights derived from data col-
lected by one particular method are used for further investigation with
another method. Although using more than one researcher can alleviate
subjectivity, a strong rationale for relying on one researcher is that experi-
ence yields deeper insights that are more coordinated and synthesized.
Hence, while multiple researchers were not feasible for data collection, the
ideas were tested and reviewed at various stages by experts and peers in
academia via presentations at conferences both in the United States and
India (Miles and Huberman [1984] 1994 suggest that reviews help to ame-
liorate some of the problems in interpreting data). Another limitation is
that it may be well into the data collection phase that patterns begin to
emerge and major issues become apparent. Thus, issues that emerge in sub-
sequent cases can only be addressed by further in-depth investigation.

Finally, there must be a match between researcher skills and methodol-
ogy selected. Interviewing skills, a high tolerance for ambiguity and sus-
tained efforts are required; moreover, time and effort are required to set
organizational expectations and foster relationships to ensure cooperation.
Another researcher may have accomplished these differently.

36 Knowledge, organizational evolution, and market creation



Nevertheless, the approach adopted here was appropriate because of the
nature of the study, focus on organizational processes, and permitted
understanding of the context. Since the purpose was to develop a theoret-
ical framework from patterns that were grounded in data, hypotheses
derived from such research must be tested through large sample studies.

NOTES

1. Interviews were not recorded for the following reasons: (1) when permission was not
granted, (2) operator error in handling the recorder, or (3) when interviews occurred unex-
pectedly and a recorder was not available. Additionally, some interview tapes were stolen
along with the micro-cassette recorder. Transcriptions for the first study were done by the
author and a student trained by the author. For the later studies, interviews were tran-
scribed by a student and by a transcription service in India. Data were collected via ques-
tionnaires for the following categories: coordination, integration, associated knowledge
of engineers and reliance on foreign expertise (see Surie, 1996 for details). The question-
naire was used in the three focal firms to supplement and corroborate interview data.
However, it was abandoned because of the difficulty of obtaining mailed responses from
other firms.

2. This applies to both Indian and multinational firms.
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4. Knowledge transfer via
apprenticeship in Indian
manufacturing firms: Stages I and II

This chapter presents evidence on the first two stages of globalization from
three longitudinal case studies of technology transfer projects. These studies
were replicated in seven other firms. The first phase of the study from
1993–96 focused on knowledge transfer. The second phase (1999–2000) of
the study focused on institutionalizing learning.

The first case, Earthmovers, a construction equipment firm, was selected
because of its previous collaboration with a US supplier to manufacture
mechanical excavators in the 1960s and 1970s. In the mid-1980s, Earthmovers
entered a technical collaboration with a Japanese supplier to upgrade its tech-
nology and produce hydraulic excavators to compete with domestic and
international manufacturers. Transfer through arms’ length collaboration
suggested that establishing a community of practice could be difficult, despite
prior experience with technology transfer.

The second case, Bearings, Inc., provides an example of transfer by joint
venture between a leading Indian steel company and a premier US bearings
manufacturer. Difficulties in establishing a community of practice were
anticipated for two reasons: (1) the foreign partner’s desire to protect pro-
prietary technology was expected to inhibit practice and knowledge-
sharing; (2) the US partner’s lack of prior experience in the new context was
likely to lead to the replication of established routines with little attempt to
adapt to the new context (Kogut and Zander, 1996).

The third firm, Steelworks, the oldest steel company in India, established
in 1907, was also selected for its experience in technology transfer.
However, Steelworks chose to import technology directly. Instead of devel-
oping a long-term relationship with a single collaborator, Steelworks drew
on a network of suppliers, consultants, and industry specialists to install
an automated state-of-the-art blast furnace purchased from Portugal.
Consequently, I expected a local community of practice to evolve, enabling
some learning, but not necessarily one aligned to global firms.

Evidence from each of these cases is presented longitudinally using the
framework outlined in Chapter 2 to highlight the evolution of capabilities
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and knowledge stemming from technology infusion from industrialized
countries. In Stage I, the craft mode of knowledge transfer and replication
necessitates the creation of epistemic communities of practice. This
involves:

1. fostering relationships;
2. organizational design for knowledge transfer (a shift to concurrent

organizational design to promote problem-solving);
3. creating opportunities for learners to practice skills in context;
4. mastery and evidence of knowledge transfer.

Case presentations are organized according to these categories. The suc-
cessful creation of an epistemic community results in the replication of
knowledge and evolution of capabilities in the new context. Stage II
focuses on institutionalizing learning and replicating it across the firm.
These findings were corroborated by evidence from seven other manufac-
turing firm presented using the same categories in the last section of this
chapter. (See Table 4.1 for a summary of knowledge transfer processes in
Stages I and II for the first three cases and Table 4.2 for the seven other
firms.)

Stage III is discussed in the next chapter. As these firms introduce new
technologies and continue to reorganize and modularize organizational
structures based on past technology infusions, it becomes possible to shift
from adaptation to innovation and autonomous knowledge creation.

STAGE I: TECHNOLOGY TRANSFER

Technology Transfer in a Construction Equipment Firm: Apprenticeship in
Action

Earthmovers Limited, a leading engineering company in Eastern India
faced a major transformational challenge – going from being a small
domestic manufacturer of excavators and cranes to a globally competi-
tive manufacturer of construction equipment. Such a transformation
required upgrading skills and capabilities, not just expanding capacity. A
pioneer in the engineering industry and promoter of industrialization
(Earthmovers was established in the 1940s and is part of a leading national
conglomerate), the company had maintained its leading position by oper-
ating in a framework emphasizing indigenization, import substitution,
infrastructure building, and social welfare in keeping with its identity as a
nation-building firm.
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The liberalization of the Indian economy in 1991–92 resulted in compe-
tition from global companies. Hence, acquisition of capabilities and tech-
nological mastery became critical for survival. Earthmovers’ history of
technological collaborations with firms in the United States and Germany
had prepared it for such changes to come. Established in the 1950s as a sep-
arate unit, the excavator division initially manufactured spare parts for
cranes and excavators imported from the United States to use the spare
capacity of the steel foundry and general engineering division. A decade
later it signed a collaboration agreement with a US supplier to manufacture
two excavator models in India. Initially imported and assembled from
imported CKD1 kits, by 1961 they were manufactured locally. Output rose
from three machines in the first year to 33 by the end of the second.
Additional models were introduced over the next ten years and the tech-
nology agreement was extended. Concurrently, local facilities and capabil-
ities were upgraded to include material processing, fabrication, machine
shops, and heat treatment. By 1975, marketing and service functions were
brought under direct control to gain access to feedback from customers,
prevent delays in communication, and permit pricing flexibility.

Faced with competition from domestic rivals who started manufacturing
hydraulic machines, some in collaboration with leading global firms, and
realizing their existing technology was obsolete, Earthmovers decided to
discontinue making mechanical machines and manufacture hydraulic
machines. To speed market entry, indigenous design and manufacture – the
option initially pursued – was abandoned in favor of collaboration with a
Japanese firm in mid-1984 to purchase technology and use the Japanese
brand name jointly with its own name to market the new products in India
and internationally. The new hydraulic excavator was introduced within a
year and three additional models were introduced by 1985–86, while some
older products like mechanical shovels were phased out and others like
cranes were upgraded. Over the next five to seven years, Earthmovers con-
solidated its position domestically and regained its leading edge by increas-
ing output via mechanization, reducing imports and reducing costs by
manufacturing and purchasing components locally.

Dependence on imports was reduced through indigenization and stabi-
lization of production processes. In 1985, the model with the largest volume
had an import content of 40.9 percent (INR412 000 CIF2 value @ INR100
� ¥2000). By 1990–91, through planned indigenization, the import content
had fallen to 11 percent (INR288 000 CIF value @ INR100 � ¥850).
Indigenized components included hydraulic cylinders, hoses, track links,
radiators, cabs, gear boxes, and high and low pressure pipes. However, high-
precision products such as hydro-motors, pumps, and control valves requir-
ing capital-intensive equipment for manufacture were still imported.
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Indigenization also helped to reduce component costs during a period of
rapid appreciation of the Yen (over 135 percent during 1985–90).

Investment in capital equipment (approximately INR40 million) facili-
tated mechanization. This included the installation of equipment such as a
multi-torch oxy-cutting machine, a CNC (computer numerical control)
machining center, and turning and gear hobbing machines. Efforts focused
on developing reliable sources of high-quality components.

To meet increasing customer demand for product variety and high
quality at acceptable prices, two indigenously designed products, a wheel-
loader and an articulated crane were introduced. Simultaneously, a new
series of excavators was also introduced via Japanese collaboration to
replace earlier models. Organizational changes mirrored technological
changes. The ‘Excavator Division’ was designated the ‘Construction
Equipment Division’ in early 1992 to signal the intent to expand as an inde-
pendent entity. Another reorganization in October 1994 led to its designa-
tion as the Construction Equipment Business Unit, an independent unit
with its own representative at the corporate office in Bombay, endowing it
with greater autonomy and accountability.

Creating a community of practice
Four elements of community creation are examined to highlight the
dynamics of knowledge transfer:

1. fostering relationships to speed communication and knowledge dis-
semination;

2. organizing work to promote coordination and problem-solving;
3. facilitating practice to build capabilities through apprenticeship;
4. mastery and evidence of knowledge transfer.

Fostering relationships From the perspective of participating in commu-
nities of practice, learning requires involvement and ‘concerns the whole
person acting in the world’ (Lave and Wenger, 1991, pp. 49–50). Thus,
activities, tasks, functions, and knowledge are part of ‘a broader system of
relations in which they have meaning’ (ibid., p. 53). Learning involves con-
structing a new identity through interactions within the systems of relations
in the community. Communicating effectively with peers is important for
learning to be effective and the learner’s relations to peers and experts helps
to establish opportunities to learn. Hence, building trust-based relationships
between participants in the transfer project to promote communication is
essential for disseminating know-how relevant to practice. I broaden the
concept of relationship to include actors in the network rather than focus
solely on the dyadic relationship between the experts and learners.
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I focus on four types of relations:

1. relations between the technology supplier and recipient;
2. inter-departmental relations;
3. relations between management and workers;
4. relations with domestic suppliers.

Managers in Earthmovers reported that their relationship with the
Japanese technology supplier was open and supportive. Despite a reputa-
tion for secretiveness, the supplier responded quickly to requests for infor-
mation. Japanese experts acted as mentors and helped workers to improve
performance rather than censuring them for substandard performance.

Inter-departmental relations were perceived as cordial in Earthmovers,
although marketing and purchasing reported poor relationships (questions
for assessing relationships were adapted from Lawrence and Lorsch, 1969).
Executives noted that the mechanism of dialogue had been introduced to
promote information flow between internal ‘customers’ and ‘suppliers’, to
increase responsibility and autonomy at lower levels of the hierarchy, and
to enable engineers to ‘multiply their capacity for thinking’. The head of
production pointed out the need for reinterpreting organizational culture
to ensure that employees understood the importance of their work:

We are trying to induct a culture [which provides] feedback to the doer directly,
which is best. But it does not always happen. We want to make it as direct as pos-
sible . . . on schedule, in a daily formalized manner . . . so that the [internal] cus-
tomer gives feedback to the [internal] supplier.

Cross-functional teams and groups at the worker level also helped
bypass the multi-tier hierarchical system and improve communication
through face-to-face interactions rather than through written memos.3

Managers in Earthmovers also emphasized teaching subordinates how to
improve working relations with other departments and paid attention to
providing subordinates with information about industry-related events
and expertise.

An ancillary development department was established to train local sup-
pliers to upgrade the quality of outsourced components.

Organizational design for knowledge transfer Problem-solving is expedited
via organizational design for concurrently processing work to surface early
discovery of potential bottlenecks later in the project. However, concurrent
processing requires greater communication and coordination across func-
tional units. The nature of work-flow (amount of work processed
independently, sequentially, reciprocally, or via team coordination) was
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assessed through questions about how the design tasks were organized and
coordinated.4

Most engineers in Earthmovers indicated that tasks were concurrently
organized; the divisional manager for welding and fabrications contrasted
the sequential nature of task organization required for the earlier mechan-
ical excavators with the new organization required for building machines
with a modular design and fewer parts: ‘The old cranes were built brick by
brick. Unless you make one part, you can’t make another . . . Here the com-
ponents can be made independently; the design is modular and the weight
[the steel requirement] is much less’.

Increased communication dictated installing computerized systems and
integration across the marketing, design, and production departments.
According to the project planning manager:

We are involved in CAPP and CAM5 from A to Z. We help the designer to
correct his designs so that they are compatible to manufacturing; then when he
gives every product for casting . . . We do the material sourcing, we communi-
cate their drawings to the forge, the foundry and to the vendors for development,
so this is known as concurrent engineering.

Questionnaire data indicated that integration across functions and concur-
rence in project implementation in Earthmovers was 20 percent higher than
that observed in Bearings and 10 percent higher than in Steelworks.
Nevertheless, complete transparency was constrained by existing equip-
ment and manufacturing capacity.

Opportunities to practice Involvement in the work of the community of
practice was promoted in Earthmovers via hands-on training in India
and Japan, through participation in different activities, and by adapting
technology to suit local conditions. Eighteen welders were trained in
Japan for one year while Japanese experts provided assistance in jigs and
fixtures, plant layout, and production scheduling. Engineers visiting Japan
were allowed to take photographs as visual aids for understanding new
technology.

All shop floor operators were taught basic skills in machine operation,
maintenance, self-inspection, and troubleshooting for minor problems
resulting in reduced reliance on technical experts. Also, by adapting new
techniques such as the CO2 welding process, participants acquired know-
why and understood the principles underlying the technology.

Mastery: evidence of knowledge transfer Mastery of objective knowledge is
demonstrated by skilled performance and effective problem-solving in man-
ufacturing, production and design, leading to innovation, new products, and
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exports (Westphal et al.,1985; Lall, 1987; and Scott-Kemmis and Bell, 1988).
In addition, subjective knowledge transfer involves successful socialization
into new perspectives (Wenger, 1998). In these transfers, adopting the sup-
pliers’ perspective involved learning new performance norms for productiv-
ity, quality, and innovation by developing a problem-solving orientation, and
a quality and customer orientation, thus aligning membership and identity
with global manufacturing firms.

In Earthmovers, process improvements led to a 50 percent reduction in
cycle times for heat treatment operations. The autonomous design of new
products such as wheel-loaders, backhoe loaders, cranes, and mini-excavators
indicates that design capabilities were enhanced.

Interactions with Japanese experts resulted in adopting a problem-
solving lens. The notion of diagnosis, testing, and evaluation was applied
to manufacturing and dominated every sphere of activity including plan-
ning, prototype construction, quality, materials, and supplier development.
Emphasis on problem-solving led to increased reliance on quantitative data
and a need for systematic data-gathering and training in problem-solving
techniques.

Similarly, a quality and customer orientation was adopted in tracking
machine performance by region and customer to determine whether poor
performance or machine failures were region-dependent or widespread.
High failure rates in the case of machines supplied to granite producers led
to redesigning the bucket to improve the performance of machines sub-
jected to high levels of stress in granite quarrying. Hence, quality assurance
encompassed changes in design and was also demonstrated by the achieve-
ment of quality certification (such as ISO6 certification) in production and
design capability, signaling intent to enter international markets. Subjective
knowledge also evolved as organization members became conscious of
their newly emerging identity as a quality manufacturer aspiring to be
world class.

Exports commenced to markets like Bangladesh, Nepal, the Middle
East, and Africa but competing in industrialized markets was constrained
by low production volumes and the lack of development of related engi-
neering industries, suggesting that the domestic economic environment
must also be considered.

Technology Transfer in a Bearings Manufacturing Firm: Apprenticeship
Inhibited

Unlike Earthmovers, which used technical collaboration or licensing as the
primary technology transfer mode, Bearings, Inc., established in 1987, was
a joint venture between one of the largest Indian steel companies and a
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premier US bearings manufacturer of tapered roller bearings and specialty
steels. However, concern for appropriable knowledge by the partner sup-
plying technology, common in joint ventures, was expected to inhibit
knowledge-sharing.

The joint venture was formed to manufacture and market tapered roller
bearings based on the US partner’s proprietary technology.

The US partner
With sales turnover of US$1708.7 million in 1993, the US firm employed
18 000 people worldwide and operated 22 production units in eight coun-
tries – the United States, Australia, Brazil, Canada, France, Great Britain,
South Africa and India. It designed bearings for original equipment man-
ufacturers and was increasingly concerned with meeting the needs of global
markets. The firm prided itself on maintaining high-quality standards that
ensured complete interchangeability of bearings and bearing parts regard-
less of manufacturing source or country of origin. The company was a key
supplier to leading global manufacturers of vehicles and industrial machin-
ery. In addition, it was also committed to the highly competitive after-sales
market for tapered roller bearings and worked closely with a global
network of authorized distributors to supply replacement needs of vehicle
and industrial equipment operators. It also produced high-quality alloy
steels for the bearing, automotive, and aerospace industries. Like the Indian
partner, concern with adapting to a rapidly changing environment led the
US firm to launch an aggressive initiative to reduce costs, launch improve-
ments in facilities and restructure operations in 1993. Research, conducted
mainly in the United States and United Kingdom, focused on improving
bearing performance to meet the challenges of a changing technological
environment. The marketing director for Europe noted:

Times have changed. At one time, the US was the world’s economic wellspring,
producing a river of new products. Today, the springs that create the river are
everywhere. Our challenge is to find those sources wherever they may be and to
impress the designers who are creating a new generation of products for spe-
cialized, highly segmented markets.

The Indian partner
The Indian partner, a steel company, was established in 1907 in Eastern
India and is a member of a leading Indian conglomerate. The firm was con-
ceived by a visionary who sought to industrialize India by setting up the
first steel and electric power plants and the first science and technology
institute. The firm was organized as an integrated steel plant with raw mate-
rials obtained from its own mines and collieries in two Eastern states. At
the behest of the founder, the township was located on the banks of a river
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to ensure adequate water supply and designed to provide a pleasant living
environment and avoid the levels of pollution found in British and US
centers like Sheffield and Pittsburgh (Lala, 1981).

The Indian partner had a turnover of about INR58.4 billion (approxi-
mately US$1.7 billion)7 in 1995–96, production of 2.7 million tonnes of
saleable steel and a total workforce of 70 709 employees. The steel firm pro-
duced billets, blooms, slabs, wires, rods, bars, sheets, structurals, hot and
cold rolled strips, railway tyres and axles, agricultural implements, steel
plant heavy engineering equipment, and chemicals such as sulphate of
ammonia and crude naphthalene, a by-product of steelmaking. Its three
subsidiaries included a refractory plant, a pigment manufacturing company,
and an investment company that held controlling interests in a specialty
steel manufacturer of steel billets and wires used in the construction, textile,
automobile, and bearing industries. The Indian partner also embarked on a
diversification program into companies in three areas: steel, engineering and
allied products (this included the acquisition of a bearings company), and
refractories. A new cement plant with a capacity of 1.7 million tonnes was
the latest diversification venture. Diversification was undertaken to enable
the firm to compete more effectively in domestic and international markets
in a liberalized and more competitive environment. Moreover, in every area,
management was taking steps to make the firm more productive through
modernization, technology upgrades, and diversification.

The Indo-US joint venture
The Indo-US joint venture was an attempt by both partners to improve
their own standing in global markets. For the Indian partner, the joint
venture was part of the diversification program, while for the US partner,
establishing a presence in India would provide a cheaper manufacturing
source. Although the US firm usually established greenfield ventures as
wholly-owned subsidiaries, an exception was made in the case of India
given the limited knowledge of the local environment. The joint venture
(Bearings, Inc.) was thus established to manufacture roller bearings for
truck and tractor wheels, transmissions and gear boxes, diesel engines, and
other general engineering applications. In addition to standard bearings, a
special cartridge bearing was also to be manufactured for use in railway and
industrial applications.

Bearings Inc., had an annual turnover of INR790 million (US$23
million),8 a paid-up capital of INR424 million (US$12.5 million), and 450
employees. The US partner supplied the plant and technology, consisting of
imported reconditioned equipment restored to have a normal life equivalent
to new machines. The reconditioned equipment was also retrofitted with
state-of-the-art electronic controls, in-process gauging and other proprietary
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apparatus. Bearings, Inc. had the right to use the US parent’s technology,
including know-how and other proprietary information relating to design
and product specifications and methods of manufacture for a period of six
years. According to the terms of the agreement, the Indian company could
market these products in Sri Lanka, Bangladesh, Nepal, and Bhutan.

The technical, marketing, and administrative leadership of the new
venture was provided by managers from the United States and Europe
while the personnel and finance functions were handled by managers from
the steel or bearings subsidiary of the Indian partner. All other full-time
employees were either on deputation from the Indian parent or direct hires
for the venture. In addition, the US parent also provided technical exper-
tise and training through personnel who were sent for short assignments
from overseas locations. Implementation of initial phases occurred in
stages during 1989–95; however, external factors such as recessionary con-
ditions in the automobile industry, lack of orders from the Indian railways,
increased import costs (a consequence of the devaluation of the Indian
rupee) contributed to project delays, and costs escalated dramatically. This
prompted efforts to seek a reappraisal of the project cost by the Industrial
Development Bank of India (in financial year 1994–95) to finance the
project and increase its licensed capacity.

Bearings Inc. was largely managed by the US parent through two groups,
one based in the United States and the other in its European offices in the
United Kingdom and France. The European group took the lead in devel-
oping the project plans for the Indian plant. The Indian plant was to be
designed as the most sophisticated facility technologically from both the
equipment and work-flow standpoint. With the assistance of a manage-
ment consultant, the European team conceived a plan to maximize
flexibility in manufacturing operations. Short-cycle manufacturing con-
cepts were incorporated to minimize work-in-process, safety stocks, and
cycle times in the Indian plant.

Although the US and European teams recognized that the work envi-
ronment in India was very different, their understanding was limited and
not based on experience. Hence, while the decision to establish the venture
was taken in 1987, by the time plant construction began, it was January
1990. Machinery installation was also delayed and began in 1991. By late
1994, production was still at only 75 percent to 80 percent of capacity.
Changes in management also affected the continuity and cohesion of the
project. The core group first assigned to the Indian venture in September
1989 was replaced in 1992–93, resulting in a change in management style.
Financial problems also complicated the situation.

Despite these difficulties, a quantum increase in production was achieved
in the last quarter of 1994 (monthly production increased from 70 000–80 000

Knowledge transfer via apprenticeship 47



bearings to 120 000 bearings). This increase in productivity was achieved
after top management initiated a dialogue with employees to apprise them of
the firm’s financial position. This information prompted organizational
members to take personal responsibility and work towards improving the
situation. As of the end of fiscal year 1994–95, the joint venture had
reduced its losses and profits were projected for the following financial year.
The break-even point was attained in 1995–96 but at double the capacity
originally projected.

The technology transfer experience in Bearings differed considerably
from that of Earthmovers. Although external factors such as devaluation,
relationships with suppliers, and a recessionary market affected project
deadlines and cost, other organizational factors associated with project
management contributed to slow knowledge assimilation and absorption.
The pace of development of technological capabilities was much slower
than expected by the partners. Delays also increased project costs, impaired
the firm’s financial position, and reduced credibility with suppliers. The
dynamics of the transfer process are examined below.

Fostering relationships The supplier–recipient relationship in the
Bearings joint venture inhibited the creation of a community of practice.
At the outset, the US partner, as expert, controlled the planning process by
forming teams in Europe and the United States. Since the Indian partner’s
involvement was not sought, US directors and experts were unable to incor-
porate critical local information vital to manufacturing and marketing in
India. Local non-involvement also contributed to expatriate managers’
perception that expertise was located overseas rather than in India. The
manufacturing director noted: ‘The production engineers, the supervisors,
the operators, they just wait for the foreigners to come and give them the
update on what they should do’.

Communication difficulties arising from reliance on foreign experts (32
percent compared with 14 percent in Earthmovers and 15.25 percent in
Steelworks)9 and imported equipment resulted in longer lead times for new
product introductions, delays in solving minor problems, reduced produc-
tivity, and extremely high communication costs.

Second, learners were denied access to full information on the grounds
that technology supplied was proprietary. Hence, on-site problem-solving
was difficult because relevant manuals were not available to engineers. A
maintenance engineer commented:

The company [foreign partner] thinks that there are a lot of things that are pro-
prietary. [Such knowledge] may be proprietary, but it may be an essential thing to
run the plant . . . because unless you know the way they arrived at a process or a
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decision, we cannot go back and question and go on a different path to maybe
arrive at a better decision. . . . there have to be things that are proprietary – any-
thing and everything cannot be handed down – but where knowledge is the main
thing, for example, in maintenance, that’s where a person should know how to do
things. In such areas which involve knowledge, transfer of knowledge must be
complete.

Expatriate managers noted that inter-departmental relations needed
improvement, and commented on the prevalence of hierarchical attitudes
and attachment to status and titles. The sense of being part of a young, elite
group generated competition and information hoarding amongst peers:

We’ve hired people who are very literate, young people full of energy and some-
times that doesn’t go together. These guys are very arrogant and the manage-
ment style is very directive. There is a lot of competition between them because
they’re young and very ambitious . . . and they fight each other. There’s very little
teamwork in our group.

Management–worker relations were egalitarian as exemplified by the
accessibility of top management. However, unlike the other two firms,
Bearings did not initially recognize the need to establish relations with local
suppliers, since all plant equipment was imported from the United States.
One of the directors acknowledged that:

It’s [the plant] been designed by European engineers for Indian conditions, so it
doesn’t work . . . there are some things such as plant engineering, that when I look
at what our Indian partner does, they do it much more cleverly than we do . . .
they use local suppliers, they’ve got good knowledge of local conditions; maybe
the things are not of the same standard and quality, like the air-conditioning unit.
They’ve got local service and we haven’t, because we have chosen American com-
panies. We have suppliers, the worst case is that the suppliers have an agency in
India; so we buy from the Indian agent, but he’s importing it from the US or from
Europe . . . Most of our suppliers are on the West coast. That’s one of the prob-
lems. There are local suppliers, our partner has used them, another Indo-
American joint venture has used them; you don’t have to go to the West or the
South for some of the things.

Organizational design for knowledge transfer Lacking local contextual
knowledge, the Bearings planning team in Europe and the United States
was unable to foresee the heightened need for coordination with local sup-
pliers, coordination between project groups located in Europe, the United
States, and India, and coordination between different functional depart-
ments. Lack of coordination resulted in delays from unanticipated
differences in work methods. A technology director contrasted local cross-
functional coordination unfavorably with that in the French and British
plants of the parent company:
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It’s very functional in India. Everybody’s got his own empire . . . You expect for
a plant of this size (about 400 people) to have much more integration. I won’t
compare with the British (1800 people) and French (800 people) plants where
really you have functional heads with a lot of people; but it works sometimes
better than over here.

He also noted that while the French plant had one supervisor for every 22
people, the Indian plant had one for every seven.

Overall, the level of coordination was not very high. Comparison of the
integration index in Bearings (derived from responses to 20 questions on
project organization)10 with that of Earthmovers suggests that the project
was not as highly integrated as the latter. In Bearings, the index is 0.52 or
20 percent lower than that observed at Earthmovers (0.72).

Communication difficulties stemming from differences in the work envi-
ronment and infrastructure also hampered coordination. The local work
environment created difficulties for a management cadre that took state-of-
the-art communication for granted:

Between the UK and the US or Europe, you sit at your screen and type out your
message yourself and next morning it’s replied to – it all comes over the network.
You can’t do that here; working with courier services, the delay, the telephones . . .
If we had the same sort of communication that exists between the US and Europe,
that would be a tremendous help here (e-mail etc).

Dependence on assistance from overseas and the involvement of groups
located in Europe, the United States and India with different priorities and
concerns exacerbated the situation and made communication a critical
issue. According to a senior manager:

It was more of a mindset than a magnitude of communication problem. The
reason why it became such a big problem was due to the fact that local manage-
ment was totally dependent on the US or UK for every decision. If most of the
decision-making had been in India, then it would not have been a problem.

Opportunities to practice In Bearings, interactions with experts were
limited, owing to geographical distance and the inadequacy of local exper-
tise. Fifty Indian managers were trained in the United States but were
unable to train operators on their return because they received training in
rebuild and manufacturing rather than in production. Thus, training was
‘not very effective’ according to one of the senior executives:

You really don’t learn much as an outsider in machine rebuild. Where you do
learn, is out on the shop floor, on the production floor . . . because on the pro-
duction floor, you experience all of the factors that affect production, including
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if the machine is down and requires machine repair and the maintenance people
come in; you can see the dynamics of it; these people were not exposed to that.

Training was not synchronized with the arrival of equipment from the
United States. The differing priorities of managers in Europe and the
United States also contributed to delays in the dissemination of drawings,
specifications, and new product introductions, affecting the speed of trans-
fer. Eventually, solutions included accessing technical assistance via weekly
teleconferences and bringing in experts from the United States.

Mastery: evidence of knowledge transfer Learning in Bearings was ini-
tially inhibited. Competence development was limited to areas where local
employees were able to initiate problem-solving and were able to engage in
dialogue with experts. In the heat treatment area, for example, performance
improvements were observed because batch integral quenching furnaces
were used for the first time in the Indian plant instead of the pit furnaces
prevalent in overseas plants. Hence, local managers had greater autonomy
in problem-solving and evolved solutions through trial and error. By early
1994, rejection rates in the heat treatment area were reduced to 4 percent
from about 40–50 percent in June 1993.

Despite initial difficulties reflected in poor financial performance, man-
agement’s attempts to create a community of practice initiated learning in
1994. Plant output improved by 50 percent in the six months following the
period March 1994 to September 1994. By 1995–96, Bearings also made
headway in reducing cycle time, work-in-process, and inventories. While indi-
genization reduced the cost of new equipment and spare parts by 40–50
percent, dependence on the foreign partner continued because of low
volumes. Quality certification for international markets was obtained in early
1995 and by 1995–96 the quality of bearings produced in India was equiva-
lent to that of other overseas plants (as established through periodic testing
overseas). By 1995–96, Bearings was beginning to enter global markets
through exports. However, the plant did not yet have the production, main-
tenance, and design capability required for autonomous functioning.

In summary, although the intention was to encourage the development
of both objective and subjective knowledge, the initial inability to create
a community of practice resulted in inhibited learning and slower
transfer.

Technology Transfer in a Steel Company: Apprenticeship for Strategic
Renewal

Steelwork, established in 1807, has an integrated steel plant and raw
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materials are obtained from its own mines and collieries. It is the Indian
partner described earlier in the Indo-US joint venture.

Modernization was critical for enhancing the company’s competitive-
ness and productivity to enable it to withstand competition from substi-
tute materials and new technologically superior plants. A modernization
program was initiated in the 1980s, primarily to replace antiquated equip-
ment.11 An integral part of this plan was the installation of a state-of-the-
art blast furnace to increase capacity and productivity of hot metal
production (the new furnace had a capacity of approximately 1 million
tonnes per annum, and could produce about one-third of the total volume
of hot metal currently produced by the steel plant). Steelworks’ senior
management took the decision to purchase a blast furnace manufactured
in Italy for use in Portugal in 1981, but never installed in Europe because
of overcapacity in the European steel industry. As a result Steelworks was
able to acquire it at a total cost of DM200 million (the cost of the furnace
was about one-fourth the cost of a new one; for example, a new one with
a capacity of 10 000 tonnes per day was erected in Germany at a cost of
DM800 million). The US$100 million project was expected to increase
crude steel production capacity to 3mtpa12 and raise saleable steel capac-
ity from 2.1 mtpa to 2.7 mtpa. In comparison with the most recently com-
missioned furnaces (1958) the new furnace was highly automated and had
other advanced features.

The detailed engineering, project management, and supervision were
assigned to a special group responsible for various modernization pro-
jects; the group was free to consult experts when required. Consultants
specializing in the steel industry were used (including a leading Indian
consulting firm dedicated to the steel industry, the Italian manufacturer
of the blast furnace and a leading German steel manufacturer). Technical
discussions, interactions, and visits to operating plants were part of this
program.

Site construction began in 1989–90; in late 1991, a divisional manager
was selected to lead the project and other team members were recruited
from various areas to begin training and commissioning the furnace. The
furnace was stabilized rapidly despite unexpected problems encountered in
commissioning and other delays. Although the furnace was finally ‘blown
in’ in November 1992, eight months behind schedule, it reached its rated
production of 2700 tonnes on the fifteenth day and achieved a coke rate of
600 kg/tHM13 by the twentieth day, achieving both targets much faster than
expected. Members of the blast furnace team spoke of the project with a
sense of pride and achievement and confidence that the technological
sophistication of ‘their’ blast furnace compared favorably with the best fur-
naces worldwide.
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Fostering relationships Rather than entering a technical collaboration or
forming a joint venture, managers in Steelworks attempted to fashion a
community of practice independently, using technical consultants and a
variety of local suppliers instead of relying on a single expert supplier.
Direct communication between internal departments and technical con-
sultants was achieved through a special task force set up to speed project
implementation. Despite strong links with suppliers and consultants,
project members recognized that they were ultimately responsible for
results. The head of the modernization group commented: ‘The consultant
is only a consultant and while he is definitely responsible for the project
completion, we cannot hold him accountable for any delays’. He also
acknowledged the assistance of the foreign supplier: ‘We really got a lot of
help from the German firm. A lot of systems were new to us . . . the people
in the German firm had built up this thing over a period of 18 years. We
tried to pick up everything’.

Inter-departmental relations in Steelworks were cohesive owing to
members’ awareness of how critical the project was for the organization:
‘Every month, there was so much of interest loss, so much of depreciation,
so much of lack of production, so much loss of face in the market . . . the
firm was going through a tough time’.

A paging system facilitated instant communication when problems were
discovered. Finally, the need for self-reliance in the face of stringent targets
compelled project members to improvise solutions and led to the formation
of a ‘self-organizing team’ in the sense of Imai et al. (1985, pp. 337–75).
Management–labor relations also focused on completing the task on time
by supporting workers. A manager commented on the high levels of motiv-
ation in the team: ‘We have had quite a few occasions when people felt unfit,
they were hospitalized and they wanted to come back from the hospital as
quickly as possible to join here . . . That is the kind of team spirit we had’.
However, local suppliers were characterized as unable to adhere to delivery
schedules, making project management difficult.

Organizational design for knowledge transfer As in Earthmovers, a fairly
high degree of concurrence and organizational coordination was also
achieved in Steelworks. Parallel engineering was included as part of the
project design since all stages of commissioning had to be completed
before blowing in the furnace. Coordination was also achieved through
scheduled meetings to discuss current problems, structured training
sessions, and by rotating members through different functional areas.
A project member observed that he had learned much about project man-
agement, including:
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For example, how to think proactively about what you will need next. Let’s say,
for example, many times in this project, we reach a certain stage and then we find
that we don’t have the equipment needed, and then we go for designing that
equipment. So if you are able to foresee all those stages, and the equipment
needed for each stage, it helps. It’s not done serially, most of the jobs are done in
parallel.

Opportunities to practice Over 50 managers and operators were provided
training in India (core group members were sent overseas) before the
furnace was commissioned Project members acquired theoretical knowl-
edge by studying relevant literature and practical knowledge by developing
scale models at the R&D center and improvising experiments during the
early stages of commissioning the furnace. For example, by tripping the
hydraulic system, engineers determined how long each part would take to
revive. Involvement in practice was reinforced by the decision to learn every
phase of project implementation. A divisional manager commented: ‘We
installed a lot of instrumentation; during the installation our philosophy
was that if we do it ourselves, there will be nothing like it because then you
have had the first-hand experience of doing the things, and so, maintenance
would be very easy’.

Mastery: evidence of knowledge transfer Mastery in Steelworks is evident
in the ability of project members to solve problems innovatively during crit-
ical stages of technology implementation. Examples include handling
difficult welding problems on furnace structurals and heating the blast
furnace stove without reliance on external technical experts. Stabilization
of the project took only 15 days. Moreover, team members reported that
they did not ‘just copy’ what they had seen but had built in additional
flexibility into a system with a lot of limitations by modifying specific areas.
Thus, performance-wise, the availability of the furnace at 95 percent was
comparable with the best in the world.

As in Earthmovers, data-gathering and a problem-solving orientation were
regarded as critical. The effort to raise quality throughout the organization
dictated training through seminars and workshops led by experts (e.g., Dr.
Taguchi, a quality expert). Core members of the team who moved out of the
project actively disseminated knowledge and acted as a catalyst for change by
replicating communities of practice in other areas of the firm. (For a summary
of findings from the three focal firms for Stage I [and II], see Table 4.1.)

Other Indian Firms

Evidence from seven other firms supports the conclusion that the transfer
process must use appropriate organizational systems to ensure knowledge
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assimilation, dissemination, and the creation of firm capabilities.
Capability creation is an inevitable consequence of exposure to new tech-
nology if knowledge transfer occurs. However, the amount and extent of
learning is constrained by the image organizational members have of future
possibilities and the time and attention devoted to preparing for the
detailed work associated with introducing new technology. Firms are more
similar than different, for several reasons. First, members of all firms inter-
viewed viewed themselves as part of an elite group, the leading firms in the
industry with links to the top global multinationals. Access to ideas and
models of organization prevalent in these firms enabled them to adopt
industry best practices. Second, economic liberalization and enhanced par-
ticipation by foreign firms increased competition for domestic firms. Indian
firms entered a transition phase, moving from operating in a milieu of
scarcity in which self-sufficiency was important (for example, in the pre-lib-
eralization era, import substitution was mandatory to maintain a stance of
independence), to a situation where it was necessary to scan the world for
the best and cheapest inputs to compete successfully in global markets.
Although leading Indian firms had begun to foster learning (for example,
by working with local suppliers and other relevant members of the com-
munity of practice) attaining mastery would take time. While technology
absorption can, theoretically, be rapidly achieved, it is constrained by the
amount and quality of managerial resources and how effectively these are
deployed.

A summary of key findings from seven other organizations based on the
analytical framework applied to the three focal firms is presented below.
Interviewees were managers and executives of firms in the engineering
sector headquartered in three different geographical locations in India –
Delhi in the North, Mumbai and the Western industrial belt, and
Bangalore in the South. The sample included firms from the agricultural
equipment sector, automotive components such as pistons and rings, power
equipment, motorcycles, utility vehicles, tractors, automobiles, and con-
struction equipment. In four of these companies, the transfer mode was
technical collaboration (products included engines, automotive compo-
nents, tractors, and hydraulic excavators); the other three firms transferred
technology via joint ventures (industry sectors included were power equip-
ment, motorcycles, and automobiles).

Fostering relationships Managers interviewed confirmed that the rela-
tionship with the technology supplier was vital to successful technology
transfer. Most reported good relations with the supplier; however, man-
agers in two firms indicated that their relationship with the technology sup-
plier had virtually ceased, partly because these were old technology
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collaborations that were being re-evaluated. In one case the French partner
had supplied the Indian firm with technology for utility vehicle engines and
was now considering an alliance with another Indian firm for manufactur-
ing automobiles. In the second case, the Indian firm was considering alter-
native options such as in-house development, technical collaboration or
joint venture for upgrading technology to match domestic rivals’ alliances
with the leading Japanese firms.

During the technology transfer process, interviewees in most firms
recalled that relations with suppliers were excellent. Little day-to-day
involvement was required in technical collaborations and recipient firms
were usually specific about what they required from suppliers. For example,
the technical director of a leading pistons and rings manufacturer noted
that:

We often invite our foreign collaborators to visit us and to see what the facilities
are here and to discuss together and identify what are the gaps . . . It sometimes
means buying new machinery from them or a new type of technology to manu-
facture. . . . So, after deciding what the gaps are, we [determine] how these
should be filled with new equipment or manufacturing process . . . and then we
see how to transfer that here.

Such interactions also helped the technology supplier to understand more
clearly what would be suitable for the Indian environment and to assess
the recipient’s current level of technical capability. The director noted that
on account of the rapport established, the Japanese collaborator had
stopped a production line for ten minutes to explain how to dismantle and
assemble for a line change while they were visiting the plant in Japan and
also allowed them to take photographs. Similarly, the head of the agri-
cultural division of a conglomerate manufacturing farm equipment,
motorcycles, and construction equipment also echoed the importance of
rapport between the supplier and the recipient: ‘It is the degree of the rela-
tionship that determines the extent to which you are open and what
advantage you take’. Moreover, he recognized that relationship develop-
ment was idiosyncratic and depended on the personalities of top man-
agers:

It is the view of top management which is very important. . . . We have always
insisted on having one or two on our team from our collaborators. Thus, they
become a very important link for us . . . I can think of a person, a guy every-
body knows . . . whether you have a product problem or a marketing problem or
any type of problem, he can ring up the concerned guy because he knows how
an organization works. . . . Communication is tremendously facilitated by virtue
of the presence of foreign technicians, but the extent to which it is successful
depends upon the individual or individuals. There have been cases where people
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were frankly not interested . . . and nothing happens. You had a different guy
who was enthusiastic and knew everybody in the organization and the two orga-
nizations became much closer.

Relationship building also helped to improve receptivity to new ideas.
However, sometimes collaborators did not share know-how as readily in
areas such as maintenance, according to engineers at a pistons and rings
manufacturing company with a Japanese collaboration for valve technol-
ogy. Lack of knowledge-sharing in this instance was attributed to a
different philosophy emphasizing replacement rather than maintenance.
Alternatively, concern about knowledge appropriation by the Indian
partner may have been another reason for lack of knowledge-sharing.
An interviewee noted: ‘So far they have not allowed any of our mainte-
nance engineers to be trained in their maintenance shop. . . . Maybe it is
sacred . . . if we know [how to do] maintenance, then we can do it our-
selves’. Consequently, while relations were generally open, commercial
decisions on the part of both the supplier and the recipient influenced
certain interactions.

Relationships with domestic suppliers were also in a state of transition.
In the decades before liberalization when local competition was minimal,
and suppliers could sell all they produced, there was little customer orien-
tation and attention to quality. The concept of educating suppliers was
adopted by many of the companies examined in this study. In the major-
ity of the firms studied, steps were being taken to develop the suppliers’
knowledge base by providing them with technical information and process
know-how. In addition, many firms had also formed supplier development
departments. They also emphasized the importance of suppliers in pro-
viding the infrastructure for effective absorption and assimilation of tech-
nology. For example, managers in a utility vehicle manufacturer that had
a technical collaboration for engine manufacture with a French automo-
tive company paid special attention to educating suppliers. In addition to
the training provided by the French partner, four people were deputed
from France to conduct a detailed inspection of vendors, which included
seeing how the component was machined and tested. Other interviewees
mentioned learning from the supplier relationships of a leading Indo-
Japanese automotive manufacturer. Thus, the supplier selection process
and ongoing interactions served to transmit know-how to and involve a
larger group of firms than the initial technology recipient, suggesting that
the rate of development of members of the wider community is likely to
have an important effect on the rate of technology absorption of the
importing firm.

Finally, intra-firm relationships were largely characterized as good. In
most firms open communication across departments was encouraged via
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suggestion schemes. Sports and family entertainment activities helped to
cement social relations. In the Indo-Korean automobile joint venture, the
layout of administrative offices was designed to promote increased com-
munication between different functional areas. While engineers/managers
occupied a central open office and senior managers were allotted separate
cabins, these rooms were separated from the central office by glass panels
to emphasize transparency. However, while relations between manage-
ment and workers were cooperative14 and efforts were made to build
trust, inter-departmental relations needed improvement. Although most
firms were aware of the need to promote inter-departmental communica-
tion, in some cases, transparency had not been achieved. For example, in
the Indo-French construction equipment collaboration, a manager com-
mented that the R&D department had kept itself aloof from manufac-
turing and considered itself the ‘brain of the company’, was not willing
to become part of problem-solving, and had adopted a ‘me versus you’
attitude, which was contrary to efforts to encourage collaboration.
Another manager in the same organization noted that while 80 percent
of the people were accessible, some individuals had feudal attitudes
and would not take readily to open communication and questioning
assumptions.

Organizational design for knowledge transfer In all firms, the model of
concurrent organization was fully accepted by managers and new projects
were designed accordingly. Moreover, projects begun before liberalization
in the mid-1980s were restructured to facilitate concurrent processing of
tasks. In the Indo-French collaboration for engines, the R&D head
reflected that if he had to do things over:

As an R&D man, I would have got R&D involved in it from the beginning so
that know-how and know-why absorption would have been better . . . Today in
the liberalized atmosphere, some of the decisions would be different. At that
time we had to achieve what we set out to do within a lot of constraints.

Nevertheless, two plants had been reorganized from 1994–95 (reorganiza-
tion at one of the plants had resulted from managers’ effort to examine all
processes while operating the plant during a labor strike). In the construc-
tion equipment firm a manager noted that coordination was difficult to
achieve because: ‘In Indian organizations in many cases we are not able to
move forward because we are confronted by egos, level consciousness, and
by wrong symbols of power and fame’. However, increased competition
and a falling market share had triggered a process of self-diagnosis and
evaluation of their current position, resulting in an effort to achieve greater
integration across functional lines.
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Information technology was also viewed as an important way to estab-
lish new linkages across departments and accelerate information transmis-
sion. While some organizations were investigating network options, the
main mode of communication – in addition to face-to-face interactions –
was via telephone, fax machines, and the use of courier services in place of
the postal system. In the two Indo-Japanese and the Indo-Korean joint ven-
tures, coordination was emphasized from the start. In all three cases, there
was a high degree of involvement from the supplier’s side. In the Indo-
Korean automotive joint venture, the entire manufacturing organization
had been replicated in India. However, despite recognition of the need
for coordination, formal hierarchy was not abandoned. Coordination was
largely achieved through the formation of problem-solving groups, cross-
functional teams, and meetings. Also, junior plant engineers had access to
top levels of management for problems that could not be resolved at lower
levels.

Opportunities to practice The commitment to learning and attaining both
‘know-how’ and ‘know-why’ were demonstrated in all firms examined. The
need for inculcating new skills was well recognized and most senior man-
agers were convinced that employees at all levels needed exposure to new
techniques and training in new skills. At the operator level, training was
particularly important if operators were expected to work with more
advanced technology and be responsible for delivering high-quality prod-
ucts. Top management was aware that direct experience at the shop floor
level was important. An executive in the pistons and rings firm observed
that: ‘Unless you expose a reasonable number of people to the practices
being followed elsewhere they will not follow . . . when it comes to basic
machine operation, shop floor people must interact with the corresponding
shop floor people. That is the only way; no other way will work’.

However, there were variations in (1) the amount and kind of training
imparted, (2) initiatives taken by the recipient firm in the attempt to make
the technology operational in the new environment, and (3) the coopera-
tion and support provided by the technology supplier. The extent of expo-
sure varied: in the Indo-Korean joint venture 100 percent of the employees
were sent for training to Korea, whereas in the Indo-French technical col-
laboration for engines where a small group of managers visited the French
collaborator’s facilities for four–six weeks with follow-up visits as the need
arose. In the Indo-French collaboration, overseas experts were also sent for
two or three months to provide technical assistance in India to help estab-
lish an aluminum foundry. Thus, the idea that employees should be
empowered to widen the knowledge base had gained widespread accep-
tance.
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In addition, workers were often provided training in other skills besides
technical skills, including training in communication and collaboration.
Lack of codification rendered on-site training essential. The technology
director at the pistons and rings firm noted that: ‘Theoretically speaking,
yes there are documents, there are managers to explain why it should or
should not happen, but . . . you will find that it will take a longer time, there
will be many pitfalls, many things you will not be able to figure out’.

However, despite collaborative efforts, most plant engineers noted that
transfer was not systematic and that successful production was largely a
result of their own efforts. Moreover, they exhibited confidence in their
own manufacturing capabilities, a reaction reminiscent of the findings of
Westphal et al. (1985) in their study of technology transfer into Korean firms.
In some cases, firms had absorbed sufficient knowledge about the change
process to diagnose what was relevant for their situation. Overall, training
was considered important and members were provided opportunities for
learning.

Mastery: evidence of knowledge transfer Indications of progression
towards mastery and objective knowledge transfer are evident in improve-
ments in design capability and performance. In most firms, interviewees
displayed a sense of pride and ownership of the technology they had
acquired and, in some instances, even claimed that they had improved on
what they had learned. Interviews revealed that in six of the seven firms,
design capabilities were limited. While most firms were proficient in absorb-
ing information about specifications and procedures provided by the sup-
plier and using this knowledge for production activities, the majority
indicated their inability to initiate technological change. Among reasons
cited for lack of innovation in the design area were the lack of infrastruc-
ture for R&D in comparison with firms in industrialized countries (the con-
struction equipment manufacturer noted that in comparison with a US
competitor’s R&D spending of 3.5 percent of a turnover close to US$1
billion (i.e., US$35 million), its own spending amounted to a miniscule 1
percent of INR3 crores (less than US$1 million) on a turnover of INR300
crores (less than US$100 million).

Similarly, an R&D manager in the engine manufacturing firm who com-
pared the strength of its R&D department with that of a Korean manu-
facturer of engines indicated that the former had only five engineers in its
R&D departments whereas the latter had 500 engineers its engine group.
Also, designs were generally taken as given since they represented tried and
tested technology. Innovation in the design area was dictated by local
demand conditions (the need to produce more basic, multifunctional
machines since the market for specific-purpose machines was limited) in the
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pre-liberalization era. Examples of innovations included modifications to
prevent the engine from overheating because of higher ambient tempera-
tures or the modification of a tractor design to make it suitable for wet
paddy cultivation. However, to improve the ‘ergonomics of the tractor’ to
meet international standards of operator comfort they would have to
source technology from overseas. Reliance on foreign expertise seemed
inevitable even when indigenously designed equipment was available
because of the need to meet global competition. Also, most R&D depart-
ments were in a state of transition, in the process of either being established
or upgraded and managers acknowledged that they had learned a lot from
suppliers:

In the French designs, most of the information is fantastic. They give all the
specifications and parameters on drawings; they are well defined. Now in the
French way of working, they go one step ahead. This drawing is again analyzed
by the quality control department . . . [and quality standards are incorporated
into the design].

Although global competition, lack of local knowledge and the poor
image of Indian products were cited as reasons for reliance on foreign
expertise, a manager suggested an alternative perspective. Although Indian
engineers were very knowledgeable and highly competent, lack of capabil-
ity to implement technological change stemmed, in his view, from lack of
confidence. He added that: ‘We don’t understand design in its overall
aspect. This is a problem in India because of the emphasis on import sub-
stitution. Senior management has probably not looked at technology as a
whole’. Also, R&D departments were more focused on testing rather than
on designing components and products.

At a subjective level, knowledge transfer resulted in the development of
an emphasis on quality, productivity, and customer service in most firms.
The engine manufacturing firm achieved a productivity improvement of
250 percent after a period of stagnation and labor unrest in mid-1994. The
generation of large amounts of data as a consequence of increasing
automation both on the shop floor and the use of information technology
for data collection from the field dictated using more rigorous problem-
solving methods. Engineers at the pistons and rings manufacturing firm
expressed a need to learn more about methods for data analysis such as sta-
tistical process control. Many other firms were already using such methods,
indicating a trend towards greater reliance on objective data for decision-
making. At the construction equipment plant a comprehensive four-tiered
quality system was implemented, including documentation in a quality-
system manual, evolving procedures, developing instructions and main-
taining records. For example, in the case of a weld failure reported by a
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customer, the problem was first defined, and data collected and analyzed
using quality improvement tools such as histograms, Pareto diagrams, and
cause and effect diagrams. Corrective action involved either manufacturing
changes, design changes, or changes in raw materials. Measures were also
identified to evaluate the effectiveness of the corrective action taken. Thus,
elements of new social and administrative systems were being incorporated
along with new technical systems.15

Evidence suggests that Indian firms were beginning to embark on a
process that would lead them to becoming global participants by increas-
ing their awareness of worldwide markets and the links between domestic
and foreign markets. However, these firms were as yet peripheral partici-
pants in the global economy.

STAGE II: INSTITUTIONALIZING LEARNING

A second round of 12 interviews in March–April 1999 suggests that all
three firms adopted a more proactive stance towards learning by initiating
changes in identity to match prototypical global manufacturing firms.

Earthmovers

On 1 April 1999, Earthmovers became an autonomous organization
engaged in establishing a new state-of-the-art mini-excavator plant closer to
customers in South India. It also entered a joint venture with the Japanese
supplier taking a 20 percent stake in the new company and pursued other
foreign collaborations to meet customer demand for product variety. Design
adaptation continued with upgrades of the earlier line of excavators to meet
customer demand for new applications and ease of operation. CAD (com-
puter-aided design) systems were used to enhance productivity in design and
to access to design specifications online from technology suppliers. However,
research engineers reported that pressure to generate new products and to
reduce product development cycles resulted in increased dependence on
foreign R&D while slow infrastructure development continued to constrain
growth.

Bearings

On 1 April 1999, the joint venture was dissolved and Bearings became a
wholly-owned subsidiary of its US parent. Subsequently, top management
focused on developing an autonomous operation and pursued productivity
and quality improvements via QS 9000 certification. Fifty percent of the
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product was exported to the United States and Europe in 1997–98, and the
Indian subsidiary also provided assistance in establishing a new plant in
China. Although Bearings began to develop strong relationships with local
suppliers, new product introduction, still controlled from the United States,
remained problematic. Finally, although R&D capability in the manufactur-
ing subsidiary remained adaptive, the US parent established one of its five
global research centers in Bangalore, India, to access local capabilities.

Steelworks

Assailed by over-capacity in the industry and competition, Steelworks
embarked on a major new project (commissioned in April 2000) to produce
value-added cold rolled steel for the automobile and white goods industry.
Prior experience with installing the new blast furnace enabled managers
from Steelworks to direct the project. Thus, project leaders scanned world
markets for specialized knowledge for producing cold rolled steel and the
project management and technical expertise of leading Japanese and
Korean steel manufacturers. Project organization was integrated and used
a concurrent processing pattern with intensive communication and coordi-
nation. The speed and cost of all activities were benchmarked against the
world’s best standards. The project was completed ahead of schedule and
surpassed the world record of 28 months by over one-and-a-half months.
New human resource practices such as attitudinal (psychometric) testing
for employee selection, and group incentives were introduced and the orga-
nization restructured, reducing the number of hierarchical levels to foster
the diffusion of knowledge.

CONCLUSION

The findings support an evolutionary framework of situated learning and
suggest that knowledge transfer was facilitated through the formation
of cross-border communities of practice that enabled both the growth of
objective knowledge of manufacturing and product innovation, and of sub-
jective knowledge via an identity shift towards membership in an interna-
tional community. However, learning to become global is a non-linear
process fraught with difficulties. As the Bearings case shows, knowledge
transfer was initially impaired, because of the local partner’s lack of legiti-
macy, poor access, and inadequate participation, which hindered the forma-
tion of a community of practice. In contrast, strong communities were
established in both Earthmovers and Steelworks, fostering access to know-
how and promoting practice and autonomous experimentation in these firms.
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Thus, an intriguing conclusion is that specific transfer mechanisms (i.e.,
joint venture, technical collaboration, or direct import) are less relevant
than the transfer process and the creation of a community in achieving
objective and subjective knowledge transfer. The presence of a social com-
munity is critical in providing access to tacit knowledge and relevant
codified knowledge and artifacts. Learning in Bearings became possible
when impediments to knowledge were eliminated in 1994, allowing the for-
mation of a stable community of practice. Learning in Bearings was also
possible when local expertise in certain domains (as in the heat treatment
area) exceeded the level of expertise available in the parent firm. Here, US
experts’ confidence in local engineers’ capabilities eased information
exchange between engineers in the United States and India and facilitated
experimentation and problem-solving at the recipient site. Particularly in
the initial stages of transfer, knowledge is ‘situated’ in the community of
practice because it is in the context of practice that questions emerge, solu-
tions are improvised, and problems are solved. The subjective knowledge
of identity and membership arise from interactions and negotiations with
foreign suppliers that clarify and locate the position of the recipient in the
international network.

Objective or substantive knowledge about new manufacturing processes,
testing, benchmarking, and other best practices, and organizational design
also resulted from practice. Its growth was initiated by the community cre-
ation process in the context of the project, but continued autonomously
even after the project was completed and the community disbanded. An
interesting consequence of adopting new technology is that all recipient
organizations were compelled to assess internal capabilities, thus facil-
itating further infusions of knowledge into the firm and transfer to local
suppliers.

In addition, an emphasis on testing processes to shorten cycle time, lower
costs, and improve quality resulted in the creation of artifacts such as new
documents and design adaptations to externalize tacit knowledge. Thus,
problem-solving in practice generated more objective knowledge (new the-
ories of organization; developments in technology) and new problems to be
solved (for example, how to increase exports and improve infrastructure to
generate domestic demand). Recognition of the benefits of specialization
led to unbundling of different types of expertise such as expertise in design,
manufacturing, and management and the perception of knowledge as a
commodity. Consequently, in new transfer projects, as in the case of the
cold rolling mill project in Steelworks, firms searched for specialized knowl-
edge from various sources for project implementation. Thus, while the cre-
ation of community was critical in initiating the transfer, in later stages,
recipient firms engaged in innovation autonomously because they had
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learned the analytical capabilities required to operate in the world of arti-
facts and objective knowledge through practice and participation.

Learning through practice in a cross-border community also resulted in
initiating internationalization by helping recipient firms gain an under-
standing of what being global entails and aligning them with other global
firms. While a large sample study is required to corroborate this conclusion,
it is consistent with Cantwell’s (1989) notion that foreign investment in
locations with a capacity for innovation can generate virtuous cycles and
spawn new multinationals. This framework of knowledge transfer suggests
that the extension of firm boundaries depends both on relationships and
community creation across firms and on internal capabilities. With contin-
uing involvement in practice, the relevance of a particular community may
decline as technology recipients develop capabilities and engage in refining
their own technological trajectories. They then attempt to access knowl-
edge in other communities. Hence, developing organizational knowledge of
how to collaborate is particularly important for transnational firms.

Finally, practice is central to building communities, developing objective
knowledge, and learning collaboration skills. It is the keystone in structures
that facilitate cross-border and other knowledge transfers and knowledge
creation.

NOTES

1. CKD � completely knocked down.
2. CIF � cost, insurance, and freight.
3. Questions were adapted from studies by Georgopoulos and Mann (1962) and Van de

Ven and Ferry (1980) to assess communication.
4. I used questions adapted from studies by Georgopoulos and Mann (1962), Clark and

Fujimoto (1991), and Tyre and Hauptman (1992) to assess coordination.
5 Computer-aided process planning and computer-aided manufacturing.
6. ISO (International Organization for Standardization).
7. Calculated at the 1996 exchange rate of INR35 � US$1.00.
8. At an exchange rate of US$1.00 � INR34.
9. These comparisons were obtained from questionnaire data from the three focal firms in

this chapter (see Surie, 1996 for details).
10. As above, these comparisons are derived from the questionnaire data.
11. The last time a new blast furnace was installed was in the 1950s; it was then the largest

in Asia. Since then, there have been many advances in blast furnace and iron-making
technology.

12. mtpa � million tonnes per annum.
13. tHM � kilograms per tonne of hot metal.
14. With the exception of one firm that had recently experienced a labor strike.
15. The need for administrative and social systems to match technical systems is a common

theme in sociological literature.
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5. Accelerating innovation in
manufacturing – architecting
complexity: Stage III

In this chapter, I focus on adaptive responses that helped shape the develop-
ment of complex organizational systems1 in the three manufacturing firms
described in the previous chapter (Steelworks, Bearings, and Earthmovers)
as they sought to globalize in the new millennium (post-2000). Increasing
global competition required continuous adaptation by organizational
restructuring and value chain reconfiguration to respond to competitive
challenges, uncertainty, and complexity.2 Improved manufacturing capabili-
ties enabled these firms to gain autonomy and enhance their position within
their parent network, thereby leading them to assume greater responsibility,
expand internationally, and develop a global perspective. Although appren-
ticeship was the chief mode of learning in the earlier stages, during this stage
the emphasis was on transforming the organization to support larger-scale
operations while fostering local innovation. This transformation entailed
shifting to an industrialized system of knowledge production by adopting a
modular organization and relying more on codified knowledge to accelerate
innovation. It also required aligning the financial, strategic, and operational
goals of the organization to compete in a global market.

New organizational capabilities developed in earlier stages by adopting
lean manufacturing systems and using advanced information and commu-
nication technologies set the stage for coherent global expansion and inte-
gration. By aligning overall strategy with every functional area, firms were
able to achieve control and manage internal reorganization to match strate-
gic aspirations. Past success in achieving goals of acquiring and assimilat-
ing new technology led executives to view themselves as participants in a
global economy. Leaders of these firms concentrated on making the orga-
nization more efficient and acquiring capabilities to position themselves as
the lowest-cost knowledge-intensive and technologically advanced firms.
Consequently, the discourse adopted emphasized themes from the popular
business press and management literature of the 1990s.3 The following sec-
tions examine three principal mechanisms that aided the transition to a
more complex system:
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1. the adoption of modular and flexible organizational structures, result-
ing in the emergence of heteromorphic organizational form, a hallmark
of which is the use of multiple organizational designs concurrently and
over time to accommodate increasing scale, complexity, and size;

2. the use of information technology for all activities to accelerate the
pace of knowledge decomposition and enable the recombination of
tacit knowledge to create new knowledge (new rules, categories, and
models) and products (knowledge components);

3. the pursuit of a real options heuristics (ROH) strategy to achieve goals
and aspirations.

These steps, together with greater awareness of the global arena, precipi-
tated a further shift in cognitive orientation: the perception of the firm as
a bundle of assets and capabilities and a realization of the potential of
strategic and financial management methodologies. Consequently, such
methods were deployed to leverage the firms’ assets and accelerate global
expansion. A detailed analysis of each firm’s evolution to complexity using
the above framework follows.

STEELWORKS: IN QUEST OF GLOBAL EXPANSION

Since the early 1990s, Steelworks experienced continuing pressure to
become globally competitive, particularly since investors and analysts had
shunned the steel industry in favor of e-commerce and software where
returns were higher. Therefore, re-engineering the company to meet
financial targets was critical to establish credibility with the investor com-
munity. As in earlier stages, business process re-engineering accompanied
the implementation of new technologies in turnkey projects as the company
moved from producing commodity steel to making value-added products
required for the automobile and appliance industries.

Transforming Steelworks into a leading global manufacturer involved re-
evaluating assumptions underlying corporate strategy. The strategic plan-
ning function moved from a five-year cycle to an annual cycle, and finally,
became a continuous process. Thus, strategy evolved from an isolated func-
tion into an integrated part of the whole business. According to the chief
of strategic planning:

In 1997, strategy development was basically led by engineering planning and
financial planning . . . by 1998 it evolved to include fairly well-articulated long-
term strategies and guidelines for making an annual business plan. Yet it was very
much a stock-driven activity at this time . . . it used to occur at a very specific
point in time in the year. By 2000 it had become a calendar-driven thing . . . and
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by 2001, strategy development started resembling more of a continuous structure
rather than something that started only in October, recognizing that strategy is
indeed a proactive response to stimuli whether these are external or internal.

Early efforts to develop strategy emphasized technology. However, now
top management focused on developing a corporate perspective, and build-
ing organizational capabilities for growth and competitive strategy. This
transformation was not merely rhetorical and pervaded all divisions of the
organization. Growth strategies were reviewed in quarterly workshops
using McKinsey’s three horizon framework; similarly, financial models
were used to project short-term cash flows and price forecasting capabili-
ties were enhanced. Strategic thinking and the strategy process were
institutionalized throughout the company. All profit and cost centers, func-
tional divisions, and business units were exposed to these methodologies,
to engage every member of the organization. An interviewee pointed out
that a function of strategy was to serve as a communication device: ‘The
strategy needs to be created, and people need to be involved in the process
of creating that strategy. People need to know the strategy so that these
strategies are aligned to the goals of the company’.

Adopting Modular Organization

Integrating strategy across the organization called for organizational struc-
ture to match the evolution of the strategy process. Reorganization at
Steelworks was accomplished in four phases. In the first phase (1994–96), the
focus was on attaining desired volumes in the core business. In this phase, the
structure remained a functional hierarchy. In the second phase (1997–99),
management emphasized cost competitiveness and a market focus, with the
attention centered on net realization and costs. Reorganization was begun
through changes in sub-units that focused on new measures for productivity,
customer satisfaction, and efficient manufacturing (as delineated in the pre-
vious chapter). Organizational reconfiguration continued in the third phase,
which focused on ‘earning the right to grow’ (2000–02), while the fourth
phase (2003 onwards) could be characterized as a growth phase with an
emphasis on financial measures such as net present value (NPV), return on
invested capital (ROIC), internal rate of return (IRR) and economic value-
added (EVA).

Post-2000 efforts were focused on adopting a modular hierarchical orga-
nizational design to execute strategic plans effectively. Models commonly
used in industrialized countries were adopted for strategic planning. Plans
were also constructed hierarchically and consisted of a five-year market plan
at the apex. Translating such plans into cash flows over a five-to-ten-year
time horizon involved identifying growth opportunities. To do so, analytical
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tools such as portfolio choice models were used to analyze opportunities and
make decisions about which businesses the organization should pursue and
which ones to abandon. Thus, a real options heuristics (ROH) strategy
seemed to have emerged in which opportunity-seeking and experimentation
were driven by the need to obtain more information both to reduce uncer-
tainty and to achieve new aspirations. Implementing this strategy required
reconfiguring the organization into modules or units to enable management
to align decisions with financial objectives.

Modularity, a strategy for designing complex technical systems and
processes efficiently, is a design rule that facilitates concurrent information
processing (Baldwin and Clark, 2000).4 Components are joined through
interfaces in technical systems. Similarly, organizational systems consist of
sub-units or modules that operate independently connected by interfaces.
These permit high levels of intra-unit coordination and enable the organiza-
tion to function as an integrated whole. Modularity is achieved by parti-
tioning information into visible design rules and hidden design parameters,
and is efficient only when the partition is unambiguous and complete.
Adopting a flexible, modular structure entailed partitioning the enterprise
into independent modules that were linked together with standard interfaces.

Modularity at Steelworks was achieved in stages. In 1997, Steelworks was
a functional organization with several divisions including marketing,
product, raw materials divisions, and a three-layered management structure
consisting of senior, middle, and junior management. In 1998–99, although
the functional organization remained with many divisions, a fourth layer of
structure was introduced. In 2000, the marketing and sales organizational
structure was reorganized to include focused customer account managers
leading the sales division and the customer interface. In 2001–02, the func-
tional organization was abandoned and profit and cost centers were estab-
lished, reducing hierarchy and flattening the organization. Modules such as
strategic business units (SBUs), cost and profit centers were created and
linked through rules aligned with the overall organizational strategy to
facilitate the manipulation of individual sub-units. These rules consisted of
financial parameters such as EVA (economic value added) and NPV (not
present value) or quality standards such as ISO to help evaluate projects
across the organization. Nevertheless, administrative structures and func-
tional areas requiring a high degree of special expertise (such as finance)
were retained.

Facilitating Knowledge Decomposition

Partitioning organizational hierarchy into a modular decomposable sys-
tem requires creating stable sub-systems and sub-assemblies to facilitate
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knowledge decomposition5 and innovation. In problem-solving tasks, partial
results that represent recognizable progress toward the goal play the role of
stable sub-assemblies and can be considered as assets or components in the
whole task.6 Systems that are composed of sub-assemblies are capable of
evolving faster (Simon, 1956).Viewing the accomplishment of strategic goals
as a problem-solving task for the overall system, sub-assemblies consist of
units that may be deployed in different combinations to fulfill organizational
goals. The use of new information technologies facilitates knowledge
codification and decomposition, and enables task-partitioning and the
creation of sub-assemblies and components (Cohendet and Steinmueller,
2000). By incorporating information technology into all activities it was pos-
sible to distribute tasks and leverage knowledge generated from different
units and sub-assemblies (such as multifunctional project teams and task
forces). Such units could also be assembled and disbanded speedily as
required.

In addition, organization-wide adoption of new information technolo-
gies eased coordination and communication by facilitating sub-system
standardization and integration. In Steelworks, coordination between sub-
assemblies was fostered by establishing norms and rules7 to regulate behav-
ior. Such rules were disseminated at each level of the organization via
communication emphasizing the vision, mission, strategic direction, and
goals. Likewise, coordination was established by disseminating concepts,
methods, and techniques (such as organized cost reduction, value engi-
neering, benchmarking, and the product portfolio matrix) to standardize
the output of sub-units. New programs were developed to disseminate and
apply these rules systematically for domain-specific tasks. An example is
the ‘Total Operating Performance’ (TOP) program for manufacturing and
marketing. Similarly, by introducing a ‘Performance Ethic Program’ to
identify and match employee strengths with job demands using NPV analy-
sis, risk analysis, and financial tools, top management aimed to build a new
culture that emphasized value creation and a financial orientation.

The process of modularizing the organization continued by emphasizing
knowledge management and by continuous attempts to codify tacit knowl-
edge embedded in the entire value chain of activities. Rendering knowledge
explicit also resulted in developing new controls, parameters, and rules.8 For
example, embedding codified knowledge in equipment reduces the effort
required to control sub-systems to an examination of pre-specified parame-
ters. Thus, codification allowed new parameters to emerge and facilitated
both intra-unit and inter-unit coordination. The use of new technologies to
track and codify the knowledge and competence embedded in each organi-
zational unit and expert also facilitated the creation of knowledge compo-
nents that could be treated as exchangeable assets or real options.9

Accelerating innovation in manufacturing 77



Similarly, in the areas of strategy and organization, new parameters for
gauging success in achieving organizational goals were developed through
mastery over change processes acquired through workshops and special
projects conducted with the help of consultants like McKinsey &
Company, Booz Allen Hamilton, and Arthur D. Little.10 In addition, top
management also sought experts with specialized technological knowledge
in steelmaking to learn about implementing large-scale projects for value-
added products. Experts included leading steel manufacturers like Thyssen
of Germany, Hoogovens of Belgium, and Nippon Steel of Japan.
Technology and strategy workshops were conducted for organizational
units at corporate, profit center, and functional levels. This led to the adop-
tion of new parameters to link sub-assemblies, thereby facilitating the
manipulation of the overall organizational system.

The use of new communication technologies to decompose knowledge by
codifying various processes exposed redundancies commonly found in
complex hierarchical systems,11 which are usually composed of a few
different kinds of sub-systems in various combinations and arrangements.
Such knowledge decomposition helped to standardize knowledge replica-
tion by diffusing various methodologies and assumptions. In addition, it
also helped to accelerate innovation by speeding the recombination of
knowledge generated from different sub-units, sub-assemblies, and pro-
jects.12,13 Examples include the diffusion of methodologies used for strate-
gic and financial analysis. As before, financial measures such as EVA, IRA,
and NPV, and tools like scenario planning were used to control and stan-
dardize sub-units and make predictions, thus permitting intra-organiza-
tional comparisons. In finance, Steelworks drew on consultants like Stern
Stewart, McKinsey, and A.T. Kearney. When the managing director estab-
lished the goal of becoming ‘EVA positive’, all project analyses focused on
this measure. New projects were evaluated based on their likely contribution
to shareholder value, probability of success, and time to profitability.
Standardizing financial criteria for resource allocation decisions and for
evaluating all activities allowed comparisons across disparate projects.
Consequently, organizational sub-units lacking current or future potential
were abandoned; in contrast, new projects including collaborative projects
and strategic alliances were regularly assessed to determine ongoing
resource allocation. Besides emphasizing specialization and new modes of
organization, a new finance-oriented culture was disseminated based on the
assumption that the raison d’être of the firm was to create shareholder and
market value. This new philosophy was articulated as the ‘Steelworks
Business Excellence Model’ and implemented to deliver high performance
and quality.

Finally, in an uncertain, competitive environment where speed was criti-
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cal, management abandoned the policy of attempting all projects internally.
By using these methods and financial parameters, activities could be com-
pared from the perspective of what each contributed to the bottom line.
Thus, innovation was accelerated by standardizing and industrializing the
knowledge production process. Standardization and comparability also led
to specialization. The emphasis on adding value resulted in abandoning
peripheral activities that were part of the organization’s heritage, including
those that stemmed from the nation-building stance adopted at founding.
Consequently, a department was established to outsource municipal activi-
ties such as town and water management.14 However, in some instances such
as hospitals and health services, financial considerations, while important,
did not drive divestitures.

Similarly, port operations and international business were divested to
another part of the conglomerate. This shift in orientation led to the insight
that instead of just outsourcing technology, it was possible to manage tech-
nology actively by evaluating and changing it to meet current requirements.
However, as an integrated steel plant, many upstream businesses such as
iron ore mining, which provided the lowest cost inputs in the steel industry,
were retained. A manager noted that because the industry was process-ori-
ented, outsourcing all processes was difficult.

In addition to outsourcing peripheral operations there was an emphasis
on forming alliances where partner capabilities could be leveraged for
learning. Several alliances had been established, including two recent joint
ventures. The first was to produce a critical desulphurizing compound
(since Indian iron ore contained high levels of sulphur). The second,
formed with an Italian firm, was to handle import operations to take
advantage of both partners’ capabilities in different Indian locations. Thus,
both alliance and hierarchical organization forms were in use concurrently.

Real Options Heuristics

Management also began to apply portfolio concepts and use a real options
heuristics strategy to evaluate businesses. Thus, maturing businesses facing
reduced returns because of low entry barriers (such as the refractory busi-
ness and sponge iron) could be exited, while attending to developing new
capabilities through exploration. Management divested a cement plant to
raise cash and fund new businesses and activities likely to improve market
position. Through brainstorming across the organization, initiatives
emerged and evolved into business units. One example was a profitable
business in a mineral-based industry using access to a key resource, Indian
reserves of titanium dioxide (among the best in the world), to manufacture
pigments for paints.
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The notion of using information technology and real options heuristics
for strategic decisions also pervaded the R&D organization. This evolved
over five generations from a peripheral activity done in isolation to one that
was integral to the organization. The knowledge embedded in the R&D
organization was also used for strategic decisions about how to select and
optimize current projects and which technologies to explore in areas with
the potential to produce breakthrough innovations. In the research area,
there was increased emphasis on using mathematical modeling and simu-
lation to understand steelmaking processes and evaluate the properties of
steel. Simulation methods were also extended to associated departments,
leading to wider use of this methodology. Physical models were built for
processes that were too complex for mathematical simulation. Such exper-
iments had led to the development of an off-line simulator to evaluate the
properties of steel; an on-line simulator to predict the properties of steel
while being rolled was also being developed. Expertise developed over time
in specialized areas of steelmaking such as beneficiation was provided as a
fee-based service to other companies. In addition, R&D obtained data and
suggestions from other areas (such as the mines) to update and create new
systems. Although 75 percent of the R&D work was focused on current
projects, 25 percent was directed towards exploration (March 1991).
Exploratory projects focused on areas such as altering the properties (e.g.,
strength) of steel. Along with R&D advances, intellectual property man-
agement became a major focus. Although Steelworks had begun to patent
knowledge (with 23 patents obtained in one year after a total of only 73 in
the previous 90 years), much work lay ahead. Although the R&D head
emphasized that: ‘Being innovative and having patents, they are not one
and the same thing’, yet patenting was being pursued more vigorously. This
was as yet a defensive measure, largely because of the threat of being sued
for infringement of intellectual property rights.

Access to new knowledge was obtained by pursuing collaborations via
special projects at leading universities in Germany, the United States, and
the United Kingdom, particularly with researchers at centers reputed for
their expertise in steelmaking. Many researchers were retained through
contractual arrangements as consultants to train internal experts at
Steelworks. Realizing the shortcomings of internal R&D, the organization
also sought external experts and membership in industry associations to
acquire knowledge and build capabilities. These changes were accompanied
by a keen awareness of the importance of managing and producing knowl-
edge in the company.

Though not yet a management problem, a challenge from focusing con-
tinually on new opportunities was to find resources to manage multiple
investment opportunities, since ‘the clubbing of investments’ could lead to
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‘a cash flow mismatch situation’. In addition, managers faced challenges
arising from changing industry structure, tariffs and subsidies that dictated
demand in world markets, and the company’s cost structure. Finally, the
need to manage the organization’s cost structure was another source of
concern. For example, the wage cost in Steelworks was approximately
18 percent of turnover compared with the world average of approximately
10 percent; in contrast, a steel company in China had a cost structure of 6
percent of sales, providing it with a clear advantage. The company also
faced other challenges such as retaining talent in a competitive environ-
ment, deteriorating ethical standards, and building relationships with the
new state government to retain competitive advantage. A strategy chief
explained: ‘We are a first world steel plant operating in a third world envi-
ronment’. Nevertheless, managers exhibited a sense of confidence and
control, having gained mastery over tools that provided new ways to
manage uncertainty.

By the end of 2006, the company had become a supplier of value-added
steel to all international white goods companies. A mergers and acquisi-
tions (M&A) manager noted that Steelworks was one of the only two inte-
grated steel producers with a presence throughout the value chain, making
them less vulnerable to business cycles. Aspirations continued to rise with
a new target set for becoming a larger global player with a presence in mul-
tiple global locations and production of over 30 million tonnes per annum
(mtpa) by 2015. New rules based on past learning evolved. These included
achieving expansion through acquisitions or joint ventures overseas in the
case of greenfield projects15 to accelerate the process and using a distrib-
uted value chain across the globe to optimize costs and gain flexibility.16 At
this point, the strategy shifted to establishing primary steel production in
resource-rich countries to take advantage of ownership of strategic raw
materials (e.g., ore, coal, and gas).17 Thus, finishing facilities would be
located closer to the customer in growing markets such as Southeast Asia,
Vietnam, and China. Expansion would also be facilitated by an increased
focus on logistics and branding. Examples of this strategy include a
joint venture with an Australian company to manufacture steel for pre-
engineered buildings. The expansion-by-acquisition strategy culminated in
the acquisition of a UK-based steel company in early 2007, catapulting the
company into the ranks of the world’s top five steel producers.

Top management noted that this expansion would surface new chal-
lenges in the areas of human resource management, finance, relationship
management with stakeholders, and managing cultural differences. Most
important was the need to create a flexible organization when operating
from multiple locations in different countries while retaining the values of
a strong community in a single location.18
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BEARINGS: CONSOLIDATING THE
TRANSNATIONAL NETWORK

The acquisition of the Indian joint venture by the US partner helped raise
awareness of the potential of outlying subsidiaries in emerging markets and
helped the US parent evolve from a company with international operations
to a transnational organization. Moves made by MNCs in the manufactur-
ing sector to establish themselves in emerging markets hastened the
evolution towards tighter global integration. To make Bearings more cus-
tomer-oriented, the US parent reorganized around customer segments in
2000. This helped to transform a multidomestic company into a more inte-
grated global organization. Yet, subsidiaries in India, China, and Eastern
Europe continued to function independently under the aegis of ‘emerging
markets’ and were not merged with the main businesses. However, from
about 2003, the Indian subsidiary became a part of the global industrial
business segment after a fresh reorganization. Using the framework
outlined above, I document the transition to increasing globalization and
organizational complexity.

Adopting Modular Organization

Modularity as an organizational approach had been attempted earlier while
establishing the Indian manufacturing plant. However, this was aborted ini-
tially, partly because of distance and communication and coordination
difficulties, and also because multiskilling and training required for manu-
facturing flexibility were too expensive and time-consuming. Cross-national
coordination became easier after a 1996 reorganization in India towards a
more integrated system. Subsequently, the manufacturing organization
became more deeply embedded in the global organization because of its
altered position as a subsidiary. This was reinforced by technological
changes paving the way for decomposition of the value chain of activities
and major reorganization at headquarters in 2000. As a top executive noted:

It is now one of the ‘Bearings’ plants and can supply anywhere in the world. . . .
Today everything is on the international network of human resources and . . . it
has of course automated a lot in the non-manufacturing areas as well. . . . When
I started there were 13 people including one director. Over the course of the last
seven years, the department has hardly six or seven people now.

In addition, a matrix structure was used to integrate organizational
modules across the global value chain. Executives at the Indian manufac-
turing sub-unit executives reported to both the subsidiary head and to cor-
porate headquarters in the United States. However, a matrix structure was
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not adopted uniformly; some executives had a direct reporting relationship
to one group. Other integration approaches included sending employees on
short-term assignments from India to other parts of the world to stimulate
knowledge flows and leverage the knowledge gained through replication in
new locations. As a top executive noted:

Because of our becoming a part of this international organization, there is a lot
of focus on talent management . . . that area is much more systematic and struc-
tured than what we were doing earlier . . . one of our associates has been
identified to go as a manager to South Africa. The other thing in terms of talent
management is that there is a lot of opportunity for people to work on interna-
tional assignments, short-term assignments, rather than long-term deputation
there.

An example was a project that involved equipment systems across the
globe. Employees from the Indian manufacturing unit were also actively
involved in establishing the Chinese plant.

Despite the adoption of modular organization, according to a manager
of operations and logistics, integration with the global organization
required adopting new approval processes that slowed decision-making.
Approval of vendors by the country head and global headquarters was
time-consuming and caused delays. However, interventions by managers in
these locations served to reduce errors by providing additional input.

In contrast, another manager noted that in the early 1990s, when the
company was a joint venture, innovation was thwarted because engineers
and technicians in India were taught ‘know-how’ but not ‘know-why’ and
had to operate within tight boundaries. After becoming a subsidiary they
were able to debate the best way to make something or try out other solu-
tions.19 Ironically, local managers often had more freedom when head-
quarters did not have a solution. Moreover, according to this manager, the
perception of ‘made in India’ had changed. Also, experience in India over
the past ten years made it easier for US-based managers to trust Indian
employees regarding quality. Consequently, local employees were not using
completely traditional methodology developed by Bearings.

The adoption of a matrix organization required some senior managers
to attend quarterly meetings at headquarters in the United States, simpli-
fying the task of transmitting new ideas (such as quality-related six sigma
processes) and practices across the organization through a best-practice
sharing system. Moreover, the rules of the game were made very clear – that
the lowest-cost plants would be favored. Thus, local engineers were study-
ing ways to reduce scrap and consumables and introduce process system-
ization. While the cost of human resources was not a major issue, the HR
executive noted that as labor costs increased, this might become an area of
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focus, particularly since the Indian plant was more labor-intensive than
those elsewhere. In addition, automating manufacturing processes would
reduce handling and improve quality.

Integration was also induced through common systems used to gather
data in all locations. Headquarters was provided with ‘all the customer
data – it is very transparent and they have access to any data they want’.

In addition, integration between the manufacturing plant and R&D in
Bangalore was fostered by transferring individuals from the former to the
latter. A manager from the manufacturing unit had recently been moved to
Bangalore and made the head of global sourcing from India. Similarly, the
strategic purchasing function, earlier managed by the manufacturing unit,
was moved to the country headquarters in Bangalore. Thus, knowledge
exchange between manufacturing and R&D was encouraged. Since India
was now identified as a potentially important source of global supply,
information technology, engineering and management skills, the Indian
subsidiary played a more critical role.

Intensive training was critical to ensure that every level of the enterprise
became capable of delivering high-quality output and that interfaces
between different organizational modules functioned efficiently. Scientists
and engineers from Bangalore were sent to the United States two to three
times a year for training. The subsidiary head observed that: ‘Many of the
engineers spent four to six months initially going through intensive train-
ing in-class in the US, detailed engineering training in doing analysis,
[learning] what they have to do, customer issues, what they have to do in the
field’. He noted that the training required significant investment in time and
cost in production and manufacturing areas, but only a few weeks in IT.

Facilitating Knowledge Decomposition

The headquarters reorganization and adoption of automation to rational-
ize global production and increase productivity helped partition activities
and led to increasing specialization across the global value chain. The
Indian plant allocated the industrial bearings segment while the Chinese
plant became a supplier for the automotive segment. While an R&D unit
was established in Bangalore, India, the company also decided to use this
location as a base for global sourcing. These changes in context led to the
evolution of new rules.20 For example, restructuring the organization to
incorporate the Indian subsidiary in the global value chain dictated shifting
from a domestic to a global orientation and focusing on customer segments
worldwide rather than solely by geographic location. Thus, by 2005, a new
product line was introduced and manufactured by the Indian subsidiary for
customers in the United States. In early 2007, managers noted that order
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fulfillment was centralized in the United States. Automation was adopted to
standardize, tasks were standardized to the point where conformance to
stringent quality standards was inevitable because: ‘a single process [was
used] to drive the system worldwide’. Part numbers were distributed across
the world and some part numbers were sourced only from India. Decisions
were based on a determination of lead times and economics of each loca-
tion and plant: ‘Each plant has its own capacity and number of machine
hours available; each part number has a cycle time’.

These close interactions in the process of embedding a modular organiza-
tion within the multinational network strengthened the relationship between
Indian subsidiary managers and those at US headquarters, resulting in a
more equal cross-border partnership.

Another consequence of the focus on quality at the lowest cost led to an
abandonment of the strategy of sourcing everything internally, indicating
further evolution and diffusion of market-oriented principles across the
multinational network. Thus, ‘quality at the lowest cost’ could be viewed as
a new market-oriented rule for sourcing supplies:

It is one of the Bearings’ plants. And it can supply anywhere in the world.
Likewise, for our sales and marketing people, what we need to sell in India, they
need not necessarily buy from us. They can go to Romania . . . we would have to
compete with other units. So, it’s a much broader span now.

The critical ‘make or buy’ decision was another important rule that was
modified. It was altered to take account of new conditions such as the avail-
ability of external capacity and bottlenecks in the internal supply chain. A
manager noted that manufacturing had become a bottleneck because of
the need to supply worldwide, and supplies were insufficient. Hence, to keep
customers satisfied, it became necessary to treat manufacturing as a vendor
in the supply chain. In 2002, a decision was taken to limit in-house invest-
ments because of favorable external supply conditions. Consequently, 70
percent of turning operations, 5 percent of grinding operations, and 15
percent of the heat treatment operations were outsourced.

In addition, using information and communication technologies (ICTs)
surfaced problem areas by making interfaces between departments more
visible. As solutions were discovered and new parameters evolved, they
were encoded into the system. A manager observed that their focus was to
make the supply chain visible, eliminate inefficiencies at the boundaries of
departments and increase accountability: ‘Each department says this is not
my problem . . . the supply chain is hidden in three departments’.
Additionally, the intent was to develop ‘robust systems that are not man-
dependent’ so that customer orders were visible to every one with access to
the system.
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Moreover, interactions with headquarters and application of statistical
methodologies associated with standardizing processes led to an awareness
of the need for empirical data and scientific analysis for problem-solving
and decision-making. Adoption of IT-based systems helped to reinforce
the notion that decisions should be based on data rather than intuition. For
example, if a customer ordered 300 pieces of a certain bearing, each input
was changed to compensate for suppliers’ inability to provide timely deliv-
ery, thus increasing the order size and resulting in ‘a lot of dead inventory’.
However, the main impediment to efficiency was not related to the supply
chain but a result of the attitudes and behaviors of individuals.21 Changing
such behavior would require the application of ‘soft strategies’ since people
were used to ‘estimating’ rather than counting or obtaining exact data. The
manager noted that: ‘We have a lot of systems . . . very few people are actu-
ally using the data and systems. [In the] initial [stages], the data were not
good . . . it is up to the user to go to the systems department to push to
change it . . . adoption of the system is not automatic’.

A central objective was to improve the formulation and implementation
of plans and optimize resources via quantification and statistical analysis.
The manager noted that it was necessary to: ‘document each sub-process
with the mean and standard deviation to create a mathematical model and
reduce either the mean or the standard deviation’.

Another specialized unit, the R&D facility, had been set up in Bangalore
recently to take advantage of low-cost engineering skills available in
India. One of the company’s global R&D centers, it focused on three broad
areas – product technology, manufacturing technology, and information
technology. Along with the other global R&D centers, the product tech-
nology group focused on global customer groups in the United States and
Europe and product performance, which involved the quality and audit
functions. The manufacturing technology group focused on grinding/
finishing, automation controls, tool design, and engineering detail design,
and used electrical and software engineers to support working with suppli-
ers. In IT, the subsidiary was integrated tightly with global headquarters;
the top management team planned to locate at least 40 percent of the firm’s
IT capacity in Bangalore. By 2007 this IT center was the global operations
and corporate shared services back office with accounts receivable, payroll,
and a 150-seat call center.

Besides being a low-cost location, India also offered a skills advantage
due to the presence of an ‘analytical and numerically savvy workforce’. The
head of the R&D center in Bangalore noted that the goal was to determine
which core areas to focus on so that: ‘we don’t keep adding people just for
low cost . . . we get good at what we do. Like on the customer engineering
side, we focus on a specific product of a certain size range; India is going to
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be the global center of excellence for advanced analysis modeling, because
we are good at that’.

The new facility would also focus on knowledge management and non-
traditional products. Knowledge management covered specific types of
marketing, engineering, or R&D expertise, while non-traditional products
were included in India because of the availability of new engineers from
different industries – ‘they come up with new perspectives, new ideas, as
opposed to somebody who has worked in our headquarters for 20 or 30
years’. The subsidiary head noted that specialization was critical to remain-
ing competitive over the long term:

Any company that comes here needs to understand what their true competen-
cies are and quickly decide in six months or a year, after looking at the talent of
the people, what are the key areas they can really focus on. And then focus only
on those until they get good at it. Because in any company the tendency is to do
50 different things . . . until finally they get nothing.

Real Options Heuristics

The Indian subsidiary of the MNC was integrated into the global organi-
zation and specialized in manufacturing specific components, some R&D
and new product development, back office operations, and IT services.
Consequently, the MNC followed a limited ROH strategy. It remained
focused on optimizing global operations through sourcing from India.22

Within India the adoption of an ROH strategy was limited to outsourcing
to local suppliers and expanding local operations by replicating facilities.
Thus, in 2007, a new manufacturing plant was to be established in
Chennai.

The local environment had also evolved and economies of scale had
changed as the auto-component industry was experiencing a CAGR23 of
12–15 percent as a result of US automobile companies’ attempts to slow
their decline by sourcing from lower-cost locations. Consequently, new spe-
cialized firms had emerged, greatly enhancing logistics24 and making it pos-
sible for the firm to shift to a model in which more work could be
outsourced to local suppliers. This was particularly relevant since Bearing’s
Indian operations focused on optimizing production and rationalizing
activities via outsourcing. Although growth by acquisition was a possibil-
ity because of aggressive growth targets, such decisions would be made by
top management in the United States.

Both the R&D and HR heads noted the challenge of nurturing and
retaining talented employees. The HR head focused on changing the culture
of the organization and motivating employees in a local unit of an inte-
grated global organization with customers located in different countries.
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Hence, the challenge was to motivate employees to be the best unit of a
larger organization. In contrast, the R&D head noted that:

I looked for people with good educational background, from IITs [Indian
Institutes of Technology] and regional colleges, and who have strong family
ties . . . in fact many of them studied in the US and came back to India . . . but
it is not a huge pool. . . . People like that want to be part of India’s trans-
formation . . . which would really benefit the country, the company, and the
individual.

Attracting and retaining talent continued to be the chief challenge in
2007, particularly in the main manufacturing plant, which young engineers
did not perceive as a choice destination. This difficulty was compounded by
rising salaries25 fuelled by the growth of the auto-component and automo-
bile industries as operations of many other US firms shifted to developing
countries.

EARTHMOVERS: BUILDING AN AUTONOMOUS
ENTERPRISE

Evolving from the construction equipment division of the automotive unit
of a conglomerate, Earthmovers gained autonomy as an independent firm
in 2000. Simultaneously, its collaboration with its Japanese technology sup-
plier developed into a joint venture, strengthening partner ties and making
the firm more aware of the need to focus on quality and customers.
Consequently, the pace of improvements accelerated not only in manufac-
turing, but also in R&D and design. Growth and the evolution of technol-
ogy dictated corresponding changes in organization. A new plant was
established in Southern India for indigenously designed smaller excavators.
Changes in organization design are outlined below.

Adopting Modular Organization

Originally a division of a truck and automotive company, Earthmovers
was spun off as an autonomous subsidiary when it began to contribute
about 10 percent of the company’s revenue. The Japanese partner took an
initial equity stake of 20 percent in the independent entity, and increased
it to 40 percent in December 2005. In the mid-1990s, management began
to adopt a modular approach to organization to enhance problem-solving,
mirroring the manufacturing technology adopted from the Japanese
partner.

The organization was structured to take advantage of information gen-

88 Knowledge, organizational evolution, and market creation



erated in all areas. The Japanese partner was very cooperative and was more
involved in manufacturing, quality, design, and service support than during
the earlier phases. Three Japanese expatriates were stationed in the main
manufacturing plant to provide assistance on a day-to-day basis. The
Japanese head of manufacturing quality was also on the board of the joint
venture. Consequently, organizational design, practices, and methodolo-
gies used by the partner firm were adapted for local use by the Indian
partner. More attention was paid to quality with the full-time presence of
a Japanese technical expert to oversee quality assurance.

Since the establishment of the joint venture, the number of design engi-
neers had increased along with design productivity and the rate of new
product introductions. Instead of only one product per year, the company
had begun to introduce two or three models per year. These included both
indigenously designed products and those made collaboratively with
alliance partners.

A new plant was established in Bangalore. The new unit also had a design
office with eight R&D people who focused on design-related activities asso-
ciated with the four models assembled at the new plant. Many products
were not radically new, but were improved versions of earlier models no
longer under license. Also, components were improved and used across
different products. In addition, products were renamed to build the Indian
conglomerate’s brand.

Facilitating Knowledge Decomposition

As in other firms, the entire organization had adopted information tech-
nology extensively to accelerate innovation, design, and new product dev-
elopment. According to a senior executive, the new equipment and
technology supplied by the joint venture partner was ‘very IT-dependent’,
facilitating problem-solving by allowing problems to be decomposed into
sub-problems. As a result, new knowledge components and products could
be created by recombining elements and building blocks. This continuous
process of knowledge decomposition and recombination enabled the
knowledge of the firm to evolve by facilitating the discovery of new build-
ing blocks and the emergence of new rules for action.

The new equipment has a lot of in-built technologies in the form of IT-based
systems . . . whereby you can download or data log a lot of information which
you normally require, in the form of . . . how many cycles of scoops the machine
has brought out, how many times it has swung, how many kilometers of distance
it has traveled during the day . . . all the data can be downloaded. One more step
[which is not useful in India at the moment] is that if the machine is working in
[x], one can see the operation of the machine on a PC as you can hook on that
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machine with your PC through the satellite connectivity. The machine has
the capability to store data for 100 hours, which is roughly about three months’
data . . . So it helps to really monitor the equipment.

Similarly, computer-aided design (CAD) had been widely adopted
earlier along with other new methods such as the finite element method
(FEM) to improve design accuracy. FEM is a method of solving problems
by decomposing them into components and approximating the global solu-
tion. It is widely used for fluid mechanics, heat transfer problems, and for
calculating stresses in complicated structures. Thus, it provides the ability
to predict whether a particular part would or would not fail under stress,
reducing the number of testing hours and iterations. More people had been
trained in FEM analysis and the company was close to achieving the target
of completing 60 FEM analyses in 2003. Each analysis was complex, the
most difficult part being the fixing of boundary conditions. Other systems
used by advanced companies included field data acquisition systems. In
addition, they were considering establishing a testing laboratory within the
next two to three years since testing was not being done as yet.

By obtaining detailed data on component prototypes and the conditions
of products in use, the organization simplified new product development.
Moreover, new product development capability was enhanced: the number
of new products for different purposes arising from variability in the
context of use increased. Indigenously designed products such as a 10-
tonne wheel-loader and a new motor grader (designed six months earlier)
were launched successfully. Other new models included incrementally
improved variants of older models designed and manufactured under tech-
nical collaboration.

As a result of collaboration with the joint venture partner and greater
familiarity with global players, top management revised aspirations
upwards:

The plan for this company is to become an INR10,000 crore (INR100 billion;
approximately US$2.5 billion @ US$1 � INR40.38) company by 2011–12. . . .
[We are] not only looking at the present business streams that we have but are
also looking at other different products to become a full line company. Today we
are only considered an excavator company. . . . We now want to add road prod-
ucts. We are looking at rubber-tyred equipment and trying to become one of the
formidable companies in backhoe loaders, wheel-loaders, rear dumpers for
mining use.

The use of information technology to partition activities across the firm
also led to the emergence of a financial orientation and emphasis on logis-
tics. Hence, the desired goal would be obtained through both organic
growth and the addition of new business streams as above: ‘If there are
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certain organizations or certain units which would synergize with our oper-
ations, we would not mind looking at them. . . . It will be a combination of
both [organic and inorganic growth strategies]’.

Thus, revision of rules for processing information and making decisions
included examining whether financial, market share, or customer service
objectives had been achieved, and comparisons with competitors:

We enjoy 55 percent market share and continue to be the leaders in the excava-
tor market. . . . We have one of the best networks to support the equipment with
something like 65 outlets all over the country. So we are virtually not more than
150 km or in a radius of 150–200 km from any customer location. . . . So that
gives us the greatest edge from the point of view of holding on to our leadership
position. And . . .

I think the key differentiator [in meeting the challenge to sustain leadership]
would be to ensure that we look after our customer well. Ultimately he is the
king . . . any good product if it is not handled or supported properly will never
be successful.

Executives had uncovered gaps that could impede achievement of aspi-
rations by benchmarking performance against their Japanese partner. For
example, in the design area, fundamental design work was still not done;
much of the R&D activity was related to adapting products for the Indian
market. While aware of the need for patenting, emphasis on patenting was
lacking for historical reasons as the Indian parent company’s engineering
research center had been responsible for patenting. Evaluating perfor-
mance in other areas, an executive noted: ‘While on the one hand manu-
facturing is a great strength, we need to improve our manufacturing from
the point of view of raising the standards and level of output and deliv-
ery, attention to customers, attention to the finer points’. Also, he
observed that despite the presence of a good vendor base, they had not
been able to achieve just-in-time inventory and were working on improv-
ing logistics.

Real Options Heuristics

A real options heuristics strategy was used primarily to build capabilities
and gain leverage in the Indian market through association with a foreign
firm to build the Indian brand. Earthmovers used multiple alliances to
build a robust knowledge base that would allow it to cater to the rising need
for increasingly specialized equipment. Thus, in addition to alliance part-
ners from Japan, the United States, and Canada, late entry necessitated
an alliance with the number two manufacturer in Spain for vibratory
compactors.
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The R&D head noted that competing with large firms was difficult
because of its small size; its turnover was INR500 million (US$12.4
million) versus Caterpillar’s profits of US$1 billion, which was 100 times its
turnover. Hence, partnerships were necessary because it could not take on
such a large player by itself. He commented: ‘From a business perspective
this collaboration is a must: otherwise we will vanish into thin air’.

Also, while having more collaborations boosted short-term results, he
cautioned that success depended on alignment of partners’ interests and a
long-term orientation, particularly in R&D where rewards were reaped
only after 10–20 years.

While growth was a key objective in India, overseas expansion was limited
by the joint venture. Although Earthmovers’ products were exported to
countries like South Africa, Iraq, and Bangladesh, an executive noted:

We cannot really decide many things without their consent and [Partner X] being
a very international organization they have not really allowed us . . . to market
these products elsewhere in the world besides the SAARC26 countries or . . .
certain countries in Africa . . . or in the case of the Middle East where there is a
tremendous amount of construction activity. . . . So we use some of our chan-
nels to sell our Indian equipment but that is with the prior knowledge of our
partner.

Consequently, the partnership constrained international expansion.
Instead of direct representation overseas, attempts were directed to becom-
ing a part of the Japanese partner’s global network so the partner would
source components from India. In turn, this would allow the Indian firm to
enhance its capabilities and eventually address some markets with Indian
products. See Tables 5.1 and 5.2 for a comparison of the evolution of the
three firms.

ARCHITECTING COMPLEXITY IN OTHER FIRMS

The transformation undergone by Steelworks, Bearings, and Earthmovers
in their attempts to expand and become serious global contenders was not
unique. An examination of other manufacturing firms in the automotive
and auto-components sectors, and observations from a leading industry
association, suggest that other leading firms in this sector were responding
to the challenge of global competition by adapting through restructuring
and learning to employ organizational and technological best practices.
New foreign competitors in the Indian market such as a minerals company
providing services on a turnkey basis also experienced a similar process of
learning. To match foreign competitors it became imperative to reduce costs
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and improve quality and productivity; attaining these required flexibility
and modularity in organization, and adoption of new technologies to aid
knowledge decomposition and codification. Finally, firms adapted their
aspirations as they learned how to compete overseas and used a real options
heuristics strategy to leverage capabilities, innovate, and expand overseas.

Adopting Modular Organization

In the case of a leading INR60 billion (US$1.5 billion) automotive manu-
facturing group focused on LCVs, utility vehicles, and SUVs, manufactur-
ing technology evolved from adopting engine technology via a French
collaboration to indigenous SUV design and manufacture. In the process,
the organization was transformed to accommodate greater flexibility in
manufacturing processes by deploying technology to obtain and codify
knowledge.

Likewise, a leading manufacturer of trucks, buses, and automotive com-
ponents underwent a similar restructuring to facilitate flexibility in the
1990s. Initially, equity investments by a British automotive firm brought
new technology. The British investment was replaced by a joint venture
between an Italian conglomerate and an overseas Indian transnational
group in the mid-1980s. The advent of foreign competition in the 1990s led
to organizational restructuring to flatten the hierarchy and enhance com-
petitiveness. Most of the company’s employees are shareholders; restruc-
turing and switching from a top-down to a bottom-up approach made it
possible to reduce costs by allowing ‘everyone . . . a voice in terms of what
should happen to the company in terms of quality, in terms of lean manu-
facturing, lean management’.

Facilitating Knowledge Decomposition

As in the case of Steelworks and Earthmovers, knowledge decomposition
enabled every process to be monitored, evaluated, and controlled, resulting
in deskilling labor.27 An interviewee in the automotive manufacturing
group noted that:

We have to deploy technology and remove the skill away from the workman, get
it into the equipment, and get it into the process. . . . Instead of doing higher-
level testing of the engine . . . get into processes where we are able to map the
various characteristics of the engine. The exhaust wave front is a good indicator
of whether the engine has been built properly. So you deploy exhaust wave front
checking equipment [and obtain information on] oil pressure, the pressure in the
pistons, the injection . . . all these things you simulate so that you will not really
need to test the engine by hard firing. . . . All these are ordinary equipment,
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which is very easily available because a lot of electronics has got developed where
all these kinds of process parameters you can pick up, standardize them with a
given sample engine, which is accepted totally in the engine testing area where
you do cold firing to establish the torque required to turn the engine and then
use that as a comparative value for fast produced engines. So this . . . increases
the repeatability and reproducibility of the engine and reduces variability.

In addition, the firm also introduced CNC (computer numerical control)
flexible machining centers instead of special purpose machines to avoid
large investments in capital equipment that would not accommodate engine
design changes.

Besides using technology to facilitate lower-cost production of new
products, this firm also designed and developed a new SUV for the local
market, innovating by recombining existing technologies28 and outsourc-
ing component production.29

The organizational transformation also led to a greater focus on knowl-
edge management after 2000 in the truck manufacturer. This meant not only
increasing emphasis on R&D but also adopting best practices in every area
of the company. Such practices ranged from focusing on the stability and
reliability of the product and fostering internal product design and devel-
opment capabilities; the use of more sophisticated machine tools and mate-
rial handling equipment; evaluating alternate materials to promote value
engineering on the materials front; and adopting modern systems and pro-
cedures in finance to reduce financial costs. As in Earthmovers, the company
had its own CAD/CAM30 center although independent CAD/CAM centers
were also available to outsource design. Thus, as in other firms, there was
great emphasis on codifying all processes and activities to reduce costs and
enhance quality. An interviewee noted that systems and procedures in
Indian automotive companies and component manufacturers were not infe-
rior to those in companies in Europe and the United States.

Quality certification programs played a major role in adopting informa-
tion technology and standardizing processes. An executive at a national
industry association noted that the association had helped to disseminate
new management practices and quality standards (via ISO certification for
manufacturing firms) thereby facilitating standardization and knowledge
decomposition in member firms throughout India (see Figure 5.1 for the
number of Indian companies adopting quality certification, and Appendix
A, Table A2 for quality certification in the auto-component sector).

Real Options Heuristics

The advantages of lower cost, access to the local market, and the ownership
advantage conferred by the new product gave the automotive manufacturing
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group a stronger position in negotiating alliances with foreign partners
seeking access in India and fuelled new aspirations for global expansion.31

While realizing shortcomings in R&D, top management understood the
source of the firm’s advantage in the automotive industry’s global value
chain and how its activities would be distributed across the globe:

We are definitely not as advanced in product development. . . . Indian companies
are strong in developing them at much lower cost . . . we can do it in one-third the
cost. The multinationals are going to concentrate on designing of products
because that is their strength and manufacturing is not their strength; neither will
the cost structure in those countries allow them to manufacture vehicles. So, man-
ufacturing for the next 10–15 years will shift to India. But the designs will be done
abroad . . . computer-aided evaluation can be done in India but performance opti-
mization, right handling of vehicles, driving comfort, and cornering stability . . .
these need a lot of wisdom . . . this is where we have gaps . . . we will still take
another five to seven years.

A real options heuristics strategy was implicitly followed as evidenced by
the establishment of a joint manufacturing facility with capacity of 800 000
in India in an alliance with a French company and plans to set up an assem-
bly plant in Brazil in partnership with a local company.

Similarly, the truck and bus manufacturing firm also revised aspirations
upwards after acquiring a Czech firm. It articulated the desire to ‘grow
by acquisition wherever possible’ and build capabilities in specific areas
through alliances. Top management also began to consider the impact of
external conditions on market creation and realized that the transportation
system and infrastructure would have to change to meet the demands of an
evolving market. Executives hoped to strengthen the ability to compete
globally by raising the firm’s R&D capabilities, focusing on innovation, and
complying with worldwide emission norms. The company had already
adapted to changing norms within India and was the largest producer of
CNG (compressed natural gas) buses. Thus, building capabilities and mas-
tering new rules of global competition via interactions with global players
to acquire ownership advantages enabled the firm to enter global markets.
Moreover, the presence of many major global automotive manufacturers
and auto-component suppliers in the region together with strong local
automotive component manufacturers indicated that existing capabilities
could be leveraged further and that the region could emerge as a major hub
for the Indian automotive industry.

The outlook for the region as an emergent location for manufacturing
excellence was corroborated by the automotive component manufacturers
association. The association’s report indicated that OEMs (original equip-
ment manufacturers) and tier-1 suppliers were beginning to view India as a
sourcing base for auto-components such as transmissions, truck parts, two
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wheelers, engine parts, castings, forgings, plastics, rubber and electrical
parts (see Appendix A).

However, new capabilities need to be developed continuously for loca-
tions to remain competitive. An executive of a leading industry association
serving the automotive and manufacturing sectors observed that cost and
quality were taken as given and that the only basis for competition was
innovation.32 Competition had increased owing to the availability of low-
cost Chinese imports that flooded the Indian market. Thus, Indian firms
faced the challenge of learning how to increase capacity rapidly while
remaining cost-effective. Industrialists also realized that it was necessary to
do higher value-added work and focus on new product development. This
industry association targeted innovation as the new mission for manufac-
turing companies; professors from the Harvard Business School and MIT
were invited to lead discussions popularizing the conception that: ‘You can
learn how to do innovation. It is a skill. That is what we are learning from
experts on innovation’. It was hoped that disseminating new ideas and
methods about innovation in manufacturing firms around the country
would enable Indian firms to improve capabilities and compete on the basis
of product innovation and differentiation.

As noted by executives of Steelworks and other leading Indian firms, the
industry association executive confirmed that industrial expansion was
accomplished mainly through a ‘mergers and acquisitions’ strategy that
included acquisition of foreign companies overseas or locally by Indian
firms and vice versa. Such moves were likely to lead to greater consolida-
tion. Thus, it appeared that firms were following a real options heuristics
strategy for expansion via staged investments. Expansion was especially
evident in the auto-components and pharmaceutical sectors, both of which
had been designated a success by the government at growth rates of 40–50
percent. However, growth rates in services surpassed those in manufactur-
ing; among services the highest growth was experienced in the telecom
sector at 60–65 percent. The interviewee also confirmed the conclusion of
other executives that talent was in short supply because of the high demand
for skilled labor. The concern was that rising salaries could reduce the low-
cost advantage of Indian firms. Consequently, the planning commission
had begun to focus on improving the skills and knowledge of the workforce
with a view to enhancing employability in the manufacturing sector.

CONCLUSION

In conclusion, despite differences in the growth trajectory of firms there are
similarities in how they evolved to achieve greater complexity. Each firm
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adopted modularity as an approach to organization and management and
transitioned from functional specialization to modular specialization to
reduce uncertainty and cater to increased complexity of products and envi-
ronments. Each firm also used information and communication technology
to decompose knowledge and partition the organization into sub-assemblies
and components to yield greater flexibility and enhance the possibility of
rational decision-making by reducing dependence on any particular group
or individual, suggesting a rediscovery of Taylor’s notions of scientific man-
agement. All organizations attempted to create a ‘reliable’ or robust system
by incorporating redundancy via training, culture, and operating practices.
While the transition to a completely modular system was not perfect, many
sub-systems had been created in each of these organizations and the rules for
integrating them had been learned and incorporated into organizational rou-
tines as evidenced by the use of financial analysis for managing all businesses
in Steelworks. The discourse of strategic management permeated all organi-
zations, suggesting that matching global competitors by increasing scale also
dictated assimilation of new organizational techniques and culture.

Differences between firms stem from initial conditions. In the case of
Steelworks, the transition was triggered by the adoption of new technology
but autonomously managed and controlled so that adaptation and inno-
vation were indigenous. The sense of ownership and achievement derived
from managing major technical projects successfully led top management
to pursue an independent path to commercialization rather than via col-
laboration with other organizations. The transition to a more global orga-
nization required a greater emphasis on strategy and R&D, particularly as
it was critical to assemble new knowledge rapidly and find ways to trans-
form and create a new value chain. Thus, the firm was quick to use exter-
nal resources to learn new rules for operating effectively in a competitive
global industry. A sense of entrepreneurship pervaded the organization
and aspirations of leadership emerged through articulating a vision, evolv-
ing strategy and interacting with other leading global organizations in the
industry as evidenced by the ability to use a real options heuristics strategy
for domestic and international expansion.

In Bearings, on the other hand, operations had stabilized and the focus
was on optimizing the global value chain. Hence, the MNC perspective
dominated Indian operations both in the manufacturing plant and in the
newly established R&D center in Bangalore. The insight that the real
value of the Indian location was the availability of local talent for inno-
vation led to efforts to leverage their position to expand into new Asian
markets. Thus, although the strategy was similar to that of Steelworks,
expansion efforts were directed towards growth within India and towards
using India as a source for manufacturing, back office services, and R&D.
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The perspective was one of integrating the Indian entity into the transna-
tional organization.

Finally, Earthmovers’ evolution as an independent organization was sup-
ported by the Japanese joint venture (JV) partner. Despite autonomous
capabilities in design and new product development, the dominance of the
Japanese JV partner in R&D and quality led the firm to rely more heavily
on the partnership for technology. Moreover, as in the case of Bearings,
which became a subsidiary of a multinational, despite strong growth and
market leadership in India, the JV with a Japanese partner inhibited market
expansion outside India with the exception of exports to some emerging
economies. There was also concern about longer-term technology develop-
ment since R&D spending was low in comparison with global firms. The
firm appeared to be in the early stages of autonomous development in
India while seeking to be integrated into its partner’s value chain. Although
continued dependence on the Japanese partner, both for technology devel-
opment and market expansion, could be perceived as a source of vulnera-
bility, new rules such as the use of mergers, acquisitions, and alliances for
expansion were learned by interacting with foreign partners and other
collaborators.

In summary, the leading Indian firms in the automotive, automotive
component, and heavy equipment manufacturing sector appear to be
adopting modular organization and using information technology to
engage in knowledge decomposition and streamlining peripheral activities
by outsourcing. In turn, these measures enable them to use a real options
heuristics strategy for growth and expansion in India and abroad. While the
widespread dissemination of best practices indicates that imitation of
modular organization, knowledge decomposition, and a real options
heuristics strategy by follower firms may be common, the extent of adop-
tion and success are likely to be determined by aspirations, contextual con-
tingencies, and partnership agreements, as well as the presence of resources
and capabilities.

NOTES

1. I use Simon’s (1956) definition of complexity.
2. The dispersion of the firm’s value chain across locations is an indication of increased

complexity as the firm copes with the need to gain flexibility to adapt to multiple sources
of uncertainty (Kogut and Kulatilaka, 1994) as also noted by Ghoshal and Bartlett
(1990) in their description of multinationals as networks. The evolution of such net-
works indicates the ability to deal with complexity.

3. The focus on benchmarking, cost and quality consciousness, customer orientation, and
market orientation are common in the business literature and the popular business
press.
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4. See Chapter 2, endnote 36.
5. The total knowledge of the firm with respect to any particular technology is composed

of knowledge that can be decomposed and recombined to create new knowledge and
knowledge that cannot be decomposed (or articulated, according to Winter, 1987). Here
I am concerned with knowledge that is capable of being decomposed.

6. Just as problems can be decomposed into sub-problems, knowledge can be decomposed
and recombined to create new knowledge.

7. Holland et al. (1986, pp. 1–66) note that such parameters in a system can be viewed as
rules or building blocks of the condition-action type: IF such and such is present, THEN
do so-and-so. A cluster of rules or category that is evoked for problem-solving can be
considered a default hierarchy. When the organization is partitioned into units governed
by rule clusters it is possible to use building blocks that create combinations and link-
ages to generate new rules.

8. Again, these are rules in the sense of Holland et al (1986).
9. See Surie et al. (2003) for an elaboration of real options heuristics and the knowledge

decomposition process.
10. Chandler (1962) notes the importance of consultants in diffusing the multidivisional

structure overseas.
11. Holland et al. (1986) note the difference between generalized rules and specialized rules.
12. Nonaka (1994) notes that knowledge recombination is critical for innovation.
13. Innovation is an important factor in achieving minimum efficient scale, critical in capital-

intensive industries (Audretsch, 1991).
14. Since its founding, the entire township had been developed and managed by the

company. Water management was outsourced through a joint venture set up with an
Italian firm, Vivendi.

15. Greenfield projects were planned in India, Iran, and Bangladesh. Growth through
greenfield plants was estimated to be slow.

16. By industrializing knowledge production, accelerating the innovation process, forming
linkages with other firms in the global network and assuming the role of a supplier,
Steelworks was able to enhance its reputation and increase the scale of its operations
domestically and overseas.

17. The Korean steel firm, POSCO, was also interested in locating manufacturing
in India because of the lower-cost advantages of this location in comparison with
Korea.

18. While this is evocative of Ghoshal and Bartlett’s (1990) multinational (MNC) network,
I focus on outlining the dynamics of network evolution here.

19. Improved trust and knowledge flows in interactions across borders in subsidiaries is pre-
dicted by studies on technology transfer (Davies, 1977) and others (Kogut and Zander,
1993).

20. Holland et al. (1986) note the importance of triggering conditions that lead to
modification of existing rules or the generation of new ones.

21. Ross and associates note the errors made by the intuitive psychologist. Holland et al.
(1986) reiterate the idea that statistical reasoning is not used in many circumstances.

22. Here the country subsidiaries and plants are viewed as the real options within the MNC
framework (Kogut and Kulatilaka, 1994).

23. Compound annual growth rate.
24. Deliveries did not take more than two or three days.
25. Salaries were growing at 10–11 percent per year for managers and 7–8 percent for oper-

atives.
26. South Asian Association for Regional Cooperation.
27. The attempt to deskill labor through automation is reminiscent of earlier studies on the

effects of automation (Braverman, 1974).
28. Audretsch (1991) notes that new firms’ survival is dependent on achieving minimum

efficient scale and that scale is propelled by innovation.
29. See Appendix A for details on the development of the auto-component industry supply

chain.
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30. Computer-aided design/manufacturing.
31. This is reminiscent of Hymer’s ([1960] 1976) finding that ownership advantage spurs

globalization.
32. For the interview, the interviewee had to be taken out of a seminar on innovation that

she had organized for association members; Clayton Christensen, Professor of Business
Administration at Harvard Business School, was a keynote speaker in the seminar.
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6. Industrializing knowledge
production via born global firms:
biotechnology and software

The two previous chapters discussed three stages of evolution of firms in
the manufacturing sector and their progression from learning via transfer-
ring technology from external sources to institutionalizing the knowledge
gained, and, finally accelerating knowledge production in the new environ-
ment. In contrast, in this chapter I focus on the rise of Indian firms in
knowledge-intensive industries such as software and biotechnology. The
manufacturing firms differ from software and biotechnology firms in three
ways. First, while complex technical knowledge was required for the former
(firms producing steel, bearings, earthmoving equipment, automotive com-
ponents, engines, farm equipment and commercial vehicles), the knowledge
underlying these technologies was well understood and diffused. In con-
trast, the biotechnology and software industries are less mature than steel
and automotives, the underlying knowledge more complex, and embedded
not just in firms but within an institutional system. Second, manufacturing
firms were only able to convert to using information technology for all
activities in Stage III. In contrast, software and biotechnology firms, being
younger and being IT-based could modularize activities from the start.
Third, manufacturing firms were isolated from global markets until the
1990s; consequently, the attainment of Stage I took longer. It was only in
the 1990s that managers in these firms realized that it was not necessary to
reinvent the wheel. However, the first two stages were accelerated in the
software and biotechnology firms, because of their late entry and because
they were interacting from the outset with global clients and were not
reliant on the pace of development of domestic companies. Consequently,
they are designated as ‘born global’ firms.

This chapter focuses on Stage III in the biotechnology and software firms.
Leading Indian software firms are now recognized as global participants. In
addition, many biotechnology firms were established. Some have already
begun to gain recognition especially in bioinformatics and contract research
services. Despite late entry into this industry, legislative change in the 1990s,
founding conditions, and lack of administrative heritage enabled these firms
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to accelerate global participation. Radical technological change and innova-
tions such as global project organization enabled firms to participate in
global knowledge production by applying real options heuristics to leverage
resources and technological capabilities.1 An analysis suggests that expan-
sion of both Indian firms and multinationals in biotechnology and software
was stimulated by the need to accelerate innovation. All these firms used new
technologies to facilitate to foundation of cross-border communities and
flows of tacit knowledge. Consequently, geographic collocation was substi-
tuted by cognitive collocation. Thus, despite differences between the manu-
facturing and knowledge-intensive biotechnology and software sectors,
firms in both sectors use similar processes for global expansion and growth.

This chapter first summarizes how knowledge production is industrial-
ized by accelerating knowledge codification via the use of information
systems and resulting changes in strategy and structure that accompany
industrialized knowledge production. Three factors enable Indian firms to
participate in global innovation:

1. extensive use of information and communication technologies (ICTs)
and artifacts to automate knowledge production by creating knowl-
edge components;

2. adoption of heteromorphic organizational form, which encompasses a
variety of organizational forms over the technological life cycle to
leverage knowledge;

3. use of real options heuristics (ROH) in the arena of knowledge pro-
duction to reduce uncertainty via learning and gaining new informa-
tion, and balance exploitation and exploration.

By codifying and recombining the knowledge underlying both technology
and organization, complex organizations could be constructed using
simple building blocks and cross-border expansion accomplished more
rapidly. Moreover, such building blocks or intermediate components and
products could be leveraged to gain access to complementary resources
using real options heuristics as a strategy.

Next, the three-factor framework above is used to present a detailed exam-
ination of the global expansion of four Indian biotechnology and software
firms (see Appendices B and C for a note on the historical background and
evolution of the software and biotechnology industries). Figure 6.1 shows
the positioning of these four firms based on their level of participation in the
global community of knowledge-intensive firms and extent of geographical
expansion. This is followed by a section on other firms, corroborating
findings from the four cases in a total of ten other software and biotechnol-
ogy firms2 and seven biotechnology- and software-related organizations.3
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INDUSTRIALIZING KNOWLEDGE PRODUCTION

The rise of global biotechnology and software firms exemplifies the emer-
gence of knowledge-intensive Indian industries. Such firms are character-
ized by their ability to leverage existing capabilities and accelerate
knowledge production while continually seeking to explore and enhance
future capabilities. Wider availability and improvements in technologies
that facilitate codification have facilitated participation in global innova-
tion. As codification converts knowledge to information that can be instan-
taneously reproduced, it permits outsourcing of activities (Cowan, David,
and Foray, 2000). New codification technologies, tools, and artifacts that
enhance cognitive learning and aid communication and coordination
across organizational boundaries enable faster recombination of tacit and
explicit knowledge and accelerate knowledge production. Codification thus
stimulates the production of ‘knowledge components’ and allows firms to
transact and exchange knowledge. As a result, firms can acquire more
knowledge than before for a given (but not necessarily lower) cost
(Cohendet and Steinmuller, 2000).

Moreover, the use of automation to create knowledge components
through knowledge recombination allows firms to automate and industri-
alize knowledge production and accelerate innovation by increasing the
number of experiments to fill the innovation pipeline4 (Chandler, 1990).
Consequently, organizational reconfiguration is necessary to accommodate
a new division of labor resulting from outsourcing activities in which the
firm has no specialization advantage (Cohendet and Steinmuller, 2000).
Thus, craft-based ‘guild’ or master-apprenticeship systems that rely on
intensive social interaction and task involvement in collocated epistemic
communities to facilitate the transfer of knowledge are abandoned in favor
of ‘industrialized’ systems that rely on technology to facilitate knowledge-
sharing in geographically dispersed contexts.

Innovations such as the internet and new communication technologies
also reduce coordination costs. Likewise, software techniques such as
computer-assisted simulation and modeling promote rapid knowledge codi-
fication and dissemination (Cohendet and Steinmuller, 2000; Nightingale,
2000). Although ‘uncodifiable’ knowledge may exist (Cohendet and
Steinmuller, 2000; Cowan et al., 2000), I focus on knowledge that, in princi-
ple, can be codified (Nelson and Winter, 1982 note the importance of incen-
tives in rendering knowledge codifiable).

Greater organizational flexibility is required to allow firms to pursue mul-
tiple opportunities arising from the rapid recombination of knowledge and
acceleration of knowledge production and innovation. Also, industrializing
knowledge production requires speedy absorption even when specialized
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knowledge exists outside the boundaries of the firm. Consequently, the
flexibility of the organizational system is enhanced by making all processes
information-based and computerized, and designing the overall system to
allow multiple goals to be pursued simultaneously using the most appropri-
ate organizational form. Thus, firms can use intermediate forms like alliances
to learn and acquire knowledge from external sources, or contractual
arrangements to outsource non-core activities, while hierarchies can be used
for commercializing innovations. This heteromorphic organizational form is
characterized by the concurrent use of multiple organizational forms.

Finally, uncertainty in new technologies and the high risk and cost of
innovation incentivize firms in developed countries to seek ways to reduce
uncertainty and lower costs by participating in cross-border knowledge
production. In addition, opportunity-seeking motivates multinational
firms to seek partnerships with firms in developing countries that possess
the requisite skills and capabilities to participate in knowledge production.
Similarly, firms in developing countries seek cross-border partnerships to
aid overseas expansion and compete in domestic markets by enhancing
their technological capabilities. A real options heuristics (ROH) strategy
helps to reduce uncertainty while allowing firms to pursue growth in
knowledge-intensive industries opportunistically.

CODEONE INC.: CREATING THE KNOWLEDGE
ASSEMBLY LINE

Founded in the mid-1980s, CodeOne was a software company that at the
outset provided maintenance and other services to overseas clients. In the
late 1990s, its workforce consisted of approximately 4000 employees; in
2006, the company had recruited 25 000 new employees and planned to add
another 30 000 in 2007. The company had graduated from application
development and maintenance to customized services in six horizontal
areas such as certified solutions, infrastructure management and product
engineering, and high-end work such as consulting.

Automating Knowledge Production Via ICTs: Generating Intellectual
Property

The gleaming glass and granite architecture of CodeOne Inc. in Bangalore
was reminiscent of Silicon Valley. Architectural replication was matched by
the use of state-of-the-art information and communication technologies
(ICTs). As a pioneer of the global delivery model, CodeOne had success-
fully used information technology to create a geographically distributed
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project-based workforce. ICTs were vital to work and taken for granted by
managers and effectively linked organizational members with overseas col-
leagues, enabling round-the-clock information-sharing.

The industrialization of knowledge production is made possible when
the production process is mechanized to enable handling large volumes of
knowledge inputs or components. This, in turn, necessitates the accelera-
tion of knowledge codification to enable rapid knowledge recombination
for the production of knowledge components and knowledge modules or
sub-assemblies to be used in the production process. Moreover, the pro-
duction process need not be confined to a single firm but may be distrib-
uted across firms as some firms specialize in producing knowledge
sub-assemblies, components, tools, or services for other firms.

Support was provided on a 24-hour and seven-day basis for outsourcing
services for overseas clients, mainly in information technology projects
involving system integration and custom application development, while
basic services included maintenance and support. Project teams were coor-
dinated across the globe and almost every project consisted of both ‘on-
site’ and ‘offshore’ components. However, for economic reasons, 70 percent
of the work was conducted in India. For example, typical offshore con-
sulting projects involved working closely with the CIO (Chief Information
Officer), the client team, and its partners, and client steering committees,
which consisted of key client stakeholders and a representative from
CodeOne. Work was partitioned into discrete chunks and distributed
across the globe to India or China depending on where the competency was
located. An executive noted that he worked with 150–200 people in the
United States and 600 people offshore in one such project.

Having achieved close to US$1 billion in revenues in 2003, CodeOne
executives looked forward to expanding rapidly overseas to match their
competitors via innovation and noted that in the IT services industry:
‘Today’s competitive advantage is tomorrow’s commodity. The only com-
petitive advantage is innovation’.

Slow acceptance of the concept of cross-border work, stemming from
the CIO’s inability to understand how ‘offshoring’ worked and caution
because of the perceived risk of doing business offshore, resulted in the
dominance of maintenance-related work during the early years of the
company. However, over time many overseas clients had come to realize
that offshore work was necessary for their own survival. Consequently,
executives focused on how to provide value: ‘Can we standardize the
process to make it repeatable . . . standardize it and stay ahead . . . make
the money and move on to make the next thing?’

Even though the company experienced rapid growth, top managers were
aware that it was important ‘not just to add more and more people at the
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back end’ but to differentiate and add value to clients. Differentiation was
particularly important as other competitors had started emulating the
model; hence, retaining a competitive edge involved ensuring both rapid
growth and differentiation. Consequently, the emphasis on differentiation
led to a focus on R&D and entry into areas like consulting.

Knowledge production could be accelerated by leveraging technology to
source knowledge resources. The experience gained in conducting offshore
IT-related projects had enabled CodeOne to develop an advanced knowl-
edge management system that allowed project managers and executives to
access and leverage existing knowledge resources and assets stored accord-
ing to a defined knowledge hierarchy. For example, executives and man-
agers could access past projects and identify key people relevant to their
current project and thus gain access to both tacit and explicit knowledge:

At the completion of a project or during the course of a project there are
different knowledge artifacts which get created by each of the project teams.
These knowledge artifacts are then stored based on a defined knowledge hierar-
chy and with knowledge nodes or sub-nodes; each of them are mapped and
housed in different servers which are all linked to the knowledge portal.

Consequently, available resources could be speedily marshaled to construct
solutions. For example, the solutions consulting group focused on business
problems and solutions to address those business problems that were
‘repeatable’ across an industry vertical such as retail. Likewise, as part of
the initiative to innovate, the quality area focused on software automation
and componentization to ‘create software in an assembly line fashion’.

Information technologies thus enabled the acceleration of knowledge
production and the generation and management of knowledge compo-
nents and artifacts. These could be recombined and used across the
company to solve specific problems in different domains, thereby reducing
the time taken to arrive at a solution.

One solution strategy was to build prototypes or ‘accelerators’ either on
the delivery or sales side instead of building a complete product. For
example, a sales accelerator could reduce the sales cycle time from six
months to two months because it showcased intellectual property built up
over many projects and embodied in knowledge artifacts. Likewise, a deliv-
ery accelerator such as a process template or a component of code could
help to speed innovation for clients. ‘Master data management’, another
such solution was expected to yield revenues of US$15–20 million in an
industry business unit with revenues of US$290–300 million.

Similarly, a multichannel commerce solution was built around knowl-
edge of website design for retailers. Although the code developed for
each customer’s website was unique to the customer and belonged to the
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customer, general experience gained from designing multiple websites by
individual architects and project and program managers could be received
elsewhere. This included experience in estimating the effort required for
such programs and converting it into a knowledge artifact (that did not
violate the intellectual property agreement with the customer).

The creation of accelerators and knowledge components enabled the
firm to adopt an industrialized mode of knowledge production and sustain
a larger flow of innovation. Accelerators also allowed the firm to differ-
entiate itself vis-à-vis competitors. Increased spending on R&D (2 or 3
percent of revenues) also allowed the firm to focus on providing software
as a service or utility, an area that was expected to increase revenues by
10–15 percent in the next two or three years. Finally, the rising acceptance
and active pursuit of cross-border work by clients indicates that geograph-
ical collocation may to some extent be substituted by cognitive collocation.

Evolving Complexity: Creating a Heteromorphic Organization

A key aspect of evolution in organisms is an increase in complexity
(Pringle, 1957). Managers and executives were aware of the need to design
the organization to accommodate increasing complexity while allowing for
flexibility. Moreover, organizational complexity enabled the firm to match
its strategy and environmental complexity.5 Design encompassed both the
internal structure of the firm as well as its relations with clients and com-
petitors and, thus, extended the boundaries of the firm via formal and
informal agreements with other organizations.

The global delivery model developed early in the firm’s history as a result
of working with overseas clients, used project teams that operated non-
hierarchically to allow for information transfer between the client site and
offshore project team and enable the distributed teams to function as a
knowledge-sharing community. CodeOne could thus function as an exten-
sion of the client organization.

A hierarchical design was nevertheless adopted to achieve scale while
facilitating extensive knowledge-sharing and rapid solution-building. For
example, offshore divisional managers were responsible for multiple
accounts and were supported by delivery managers, group project man-
agers, senior project managers, project managers, technical architects, soft-
ware engineers, and programmers. Overseas subsidiaries were organized by
industry and geography. The US subsidiary was organized by industry; in
contrast Europe, Australia, and Asia-Pacific were geographically orga-
nized, as the volumes to justify organizing by industry did not exist.

Despite the hierarchical structure, flexibility was maintained by using IT
systems to deploy knowledge embodied in specific individuals wherever
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required (Hall and Johnson, 1970). Although each industry vertically
housed its own technical experts, key resources could be accessed from
other parts of the organization through the delivery system and allocated
to a specific project. If the resource was already allocated to an existing
project (utilization rates of 82–83 percent were common), it was, neverthe-
less, possible to acquire it for a new project depending on the project’s pri-
ority. Boundary-crossing across vertical domains was not required more
than 10–15 percent of the time; however, it was more prevalent in the con-
sulting domain. For example, in the retail industry vertical there were 250
global strategy consultants and the resource pool was very ‘fungible’.
Technical architects formed another fungible resource pool as they were
experts in a specific technology and could be deployed across different
industries. Similarly, ‘horizontal enterprise capability units’ were common
resource pools with expertise across a range of functions that were standard
across all industries and could be tapped by each industry vertical based on
requirements. Thus, individual units or modules within the hierarchy were
linked together by experts or expert units that functioned as interfaces,
helping to preserve flexibility. Typically, within a business unit such as
retail, 25–30 percent of the revenues were accounted for by the enterprise
capability unit, and about 70 percent through the industry delivery unit.

This flexibility was also built in by ensuring that training (through the
company’s extensive programs on enterprise solutions, domain enablement
certification, and leadership training) was an integral part of an employee’s
career path. Thus, individuals were required to demonstrate proficiency in
skills required for the next level before promotion, much as in the German
vocational training system.6 Consequently, by ensuring certification and
creating a hierarchy of skills ranging from technical to cross-functional and
leadership skills, unit heads were able to configure or disband project teams
rapidly to suit clients’ requirements.

Structural flexibility was also enhanced by creating and using a pool of
certified subcontractors. Subcontractors were used relatively infrequently
(and accounted for less than 10 percent of the business) to ease supply con-
straints and add capacity; subcontracting was mainly used for technology
resources.

Additional evidence of organizational complexity was the prevalence of
multiple alliances with other firms, including competitors. An alliance
organization had been formed in 2003 to manage partnerships of all types:
alliances were divided into three tiers. The first tier included global strate-
gic alliances. These were alliances with key players in the industry from
whom they could gain early information about industry trends and new
products and also obtain training for key organizational members.
However, global alliances differed from those of traditional system
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integrators in avoiding revenues through influence or license fees; instead,
CodeOne focused on obtaining ‘soft credits’ such as ‘training credits’
for product and system training for employees. The second tier or non-
strategic alliances were regionally based and the third tier included alliances
with smaller firms or team arrangements for obtaining access to specialized
tools such as tools for task management in the retail sector. While less than
5 percent of revenues came from alliances (on total revenues of US$1
billion) when the alliance organization was formed, current revenues from
alliances were close to 15 percent (on revenues of US$3 billion). The impor-
tance of flexibility in maintaining competitiveness was clear: ‘You need to
build loyalty through innovation . . . You should be able to very quickly
restructure, repackage, re-platform and re-gear your operations to produce
new products or new services. The basis for competition would be new
products and services’. Thus, organizational design encompassed a range
of informal and formal mechanisms to extend the boundaries of the firm.
Alliances were used to gain access to knowledge, new customers, to learn
about standards, recruit new employees and influence curricula at univer-
sities and technical institutions.

Finally, by obtaining certification (SEI/CMM7 level 5) CodeOne, like
many other software firms, signaled its intent to comply with rules estab-
lished by global players in the industry. Similarly, knowledge of the ‘code-
book’8 was also obtained by recruiting staff with the relevant expertise in
markets like the United States. These efforts helped to build the necessary
interfaces between different units across organizational and national
boundaries and ease the task of cross-border innovation.

Expansion Via Real Options Heuristics

Indian firms like CodeOne expanded by following a real options heuristics
strategy. Such a strategy encompasses using knowledge components or ser-
vices developed at various stages in the innovation process to gain access to
new or complementary resources and capabilities. Knowledge created by
the firm is treated as an asset or a real option that can be valued and
exchanged for cash or other assets. By building on its initial offering of
basic cross-border software services, the company was able to learn from
clients and progressively enhance its offerings to the point where it began
participating in high-end work and cross-border innovation.

CodeOne had dealt with international clients from the start and estab-
lished its first US office in 1987. However, during its early history, the
company largely used a labor arbitrage strategy using low-cost Indian labor
to provide maintenance and other services. With the growth of revenues, an
IPO (initial public offering) in the Indian market, ISO certification, and the
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liberalization of the Indian economy, CodeOne was poised for further
growth and established development centers across India to support the
globalization initiative as well as offices in Europe and Canada (1995–97).

Further quality initiatives were pursued and CMM level 5 certification
was achieved in 1999. These, together with mastery of the global delivery
model and increased visibility of the firm in Indian and foreign markets,
enabled the company to enter new markets such as consulting and e-
business and focus on packaged applications. By 1999, the company had
achieved US$100 million in annual revenues, was listed on US stock market
NASDAQ, and had offices in other European countries and Australia and
two development centers in the United States. CodeOne then embarked on
reorganization to accommodate new groups including domain compe-
tency, software engineering, and technology and communications. These
efforts resulted in annual revenues of US$1 billion by 2004, the formation
of a consulting subsidiary, and over US$2 billion in revenues, with more
than 50 000 employees by 2006.

Evidence of the company’s progress suggests that at each stage the firm
made moves to accommodate market changes and leveraged existing
resources to acquire either new capabilities or complementary resources.
Moreover, as the company’s position and profile improved, aspirations
were continually revised upwards and new goals established. Thus, an exec-
utive in the United States noted: ‘Three years back we were just an ADM
[Application Development and Maintenance] body shop where people
used to come and ask us for software engineers; today 40 percent of our
revenues come from services which we created in the last three years’.

Although alliances were used to facilitate cross-border expansion,
growth largely occurred via hierarchical expansion, mainly because the
firm was able to raise sufficient resources through revenues and from capital
markets.

NETCOM INC.: PROVIDING OUTSOURCED R&D
FOR PRODUCT INNOVATION

Netcom, Inc., founded in 1989 by an electrical engineer with a Master’s in
computer science from the United States and 11 years’ experience in Silicon
Valley, focused on providing complete product lines rather than non-core
types of outsourcing services and products to clients in the telecom industry.
Consequently, the company interfaced directly with the clients’ customers:

For example, when we work with a large equipment manufacturer, we actually
do a lot of development on their products which are already in the market. But
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[we work on] new releases which have to be put in, changes that happen because
of changes in the underlying semiconductors or underlying operating system,
or working with them on fixing bugs . . . interacting with their customers
directly.

As in the case of CodeOne, key executives recognized the need to
‘differentiate ourselves and add more value to our customers’ and had
begun to focus on leveraging intellectual property by developing innovative
products to be sold to customers globally. Innovation was especially impor-
tant as the company had relied mainly on internal financing; while there
were other Indian competitors, they lacked the depth of experience in doing
this kind of specialized work.

Automating Knowledge Production Via ICTs: Generating Intellectual
Property

As in other software firms, ICTs were taken for granted and knowledge pro-
duction was automated. Knowledge of the ‘codebook’ was acquired
through interactions with overseas clients and by participating in stan-
dardization processes. Thus, by adopting the same technologies and stan-
dards used by overseas clients it was possible for members of the firm to
participate as peers in cross-border innovation. Membership in overseas
standards bodies gave the company early access to new ideas and policy
changes while providing the opportunity to participate in the evolution of
technologies:

We participate in standardization processes. We’re members of ITU [International
Telecommunications Union], 3GPP [3rd Generation Partnership Project], GCF
[Global Certification Form] technology bodies and of the ATM [Asynchronous
Transfer Mode Forum], DSL [Digital Subscriber Line Forum] and SDR [Software
Defined Radio Forum] forums. As a matter of fact, one of our ideas is an essen-
tial basis in DSL standards. The beauty of it [of participating in standardization
processes] is that it’s an engineer-to-engineer debate. A degree of objectivity
prevails.

Top management was aware of the need to create intellectual property
that would confer an ownership advantage. Consequently, the company
had filed for 32–35 patents in the United States in 2003, and had success-
fully obtained nine patents by 2007:

We work in the telecom segment and in that business unless you own patents you
will not be able to compete effectively in world markets because most of this is
driven by standards and these standards are essentially generated, driven from
patents that the companies have come up with.
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The company focused on high-end design work that resulted in interme-
diate products for other wireless and telecom companies. This included
system and algorithm design that was then implemented and tested in live
production environments. By working with semiconductor companies at
the outset, Netcom was able to speed the process so that the only thing cus-
tomers had to do was to select the silicon chip (which contained the com-
plete system) for their final product. Although Netcom’s products were
components for their clients’ products, and considered an ‘ingredient
brand’, the company’s goal was to make final products such as mobile ter-
minals and smart phones. An example of the firm’s capabilities in per-
forming high-end work is data transfer at one megabit per second via cable
for a US oil rig company while drilling for oil at a depth of 44 000–45 000
ft (13 000–14 000 m) under hostile conditions such as temperatures of about
200� C. Patents generated from this work would be jointly owned with the
client with the legal agreement stating that Netcom would not use the tech-
nology for any other oil drilling company. Similarly, Netcom owned a
patent jointly with a Chinese client.

Evolving Complexity: Creating a Heteromorphic Organization

Although Netcom had grown via hierarchical expansion, the company had
alliances and extended relationships with firms in complementary industries.
These alliances ranged from partnerships with clients with whom Netcom
owned joint patents, silicon vendors, and other suppliers. Working with semi-
conductor vendors enabled the company to reduce the time taken to put its
systems on to silicon chips. Likewise, Netcom also outsourced peripheral
activities such as testing to reduce resource requirements. To ensure that pro-
prietary intellectual property was not appropriated by other parties, the
process was embedded in a ‘black box’. In other instances, the technology
developed in a partnership was patented and assigned to both parties.

Unlike other start-up firms, however, Netcom was a leading wireless
telecom company in mobile communications. As a result of its involvement
in high-end work and R&D for clients Netcom participated in standards
bodies. Top management realized that:

In the telecom space we’re in, what’s happening, interestingly enough, is that
everybody believes you can never succeed in this market space any more unless
and until the majority of the people follow the same standards. And bodies are
coming up which are becoming intermediaries, arbitrators, etc, to ensure that
there’s nobody acting funny.

Participation in various communities such as standards bodies made orga-
nizational boundaries more permeable; this increased flexibility in design
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allowed the firm to acquire first-hand knowledge about industrial and tech-
nological changes and participate in shaping their evolution. Participation
in standards bodies also provided an understanding of the overall archi-
tecture of the industry and thus helped in locating potential niches and
positioning.9 Top executives were aware that competitiveness involved
developing networks of people interested in following a particular stan-
dard, thus reinforcing past research on the importance of networks.10

Complexity in organizational design was consequently an outcome of the
need to create interest in the new technology, generate vendor support, gain
customer loyalty, acquire ownership of technology, and service markets in
different countries. Complexity was evidenced by the variety of organiza-
tional structures concurrently in use. Despite the reliance on alliances for
sourcing knowledge, global expansion was mainly achieved via hierarchies;
sales offices and development centers and new subsidiaries for network
solutions and product life cycle management were established in the United
States, Europe, Canada, Mexico, China, and Japan.

Expansion Via Real Options Heuristics

Netcom followed a real options heuristics strategy by focusing on acquiring
and leveraging ownership advantages conferred by automating knowledge
production and generating intellectual property. By forging partnerships
with leading players in the United States to obtain certification in key tech-
nologies and achieving SEI/CMM certification (level 5), the company was
able to take advantage of new opportunities. The company also formed
partnerships in specific sectors such as with emerging specialist semicon-
ductor developers. In addition, depth of experience was gained by working
with different types of customers in various countries.

By 2003–04, by focusing on different aspects of the value chain such as
semiconductors, network equipment original equipment manufacturers
(OEMs), and terminal devices, the company had established itself as a
strong player each of these segments. The company was also increasingly
recognized for its ability to deliver on complex projects to customers. The
intellectual property side of the business had grown substantially since
1997 when the first DLS license was sold. In addition, a phone using the
company’s GSM/GPRS protocol stack had been launched in China and
tested in several networks worldwide. Similarly, multimedia application
suites were being used in handset models in Japan, China, the United
Kingdom, Australia, and Hong Kong. To sustain the growth of intellectual
property the company planned to increase R&D spending from 1 percent
of revenues to 3 percent and continue to focus on patents. A separate sub-
sidiary was also created to provide an offering to operators in 2003–04. In
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2004, another subsidiary was created to provide installation, commission-
ing and project management services in the area of cellular networks.

As a result of the growth of revenues (by 45.5 percent in 2004–05 over
the previous year with an on-site:offshore revenue ratio of 25:75) and the
achievement of significant milestones, the company was able to attract new
investments from leading clients in the telecom sector and an Indian
venture capital company. In September 2005 the company launched a suc-
cessful IPO. These infusions of cash allowed top management to pursue a
mergers and acquisition strategy, which was implemented in 2006 with the
100 percent acquisition of a provider of wireless R&D and testing services
in Finland.

Thus, it can be seen that Netcom pursued a real options heuristics
strategy, either implicitly or explicitly and leveraged its resources at each
stage to acquire new capabilities or assets. Like CodeOne, its revenue
growth and resources permitted hierarchical expansion while partner-
ships were used mainly for knowledge sourcing. Unlike CodeOne,
however, Netcom followed a product and intellectual-property-oriented
strategy from the outset and was well aware of the need to patent and
invest in R&D.

BIOENZYME INC.: MARKET-DRIVEN RESEARCH
AND INNOVATION IN BIOTECHNOLOGY

Founded in 1978 as a joint venture with an Irish company to manufacture
outsourced products such as enzymes using indigenously available raw
materials, BioEnzyme Inc. was involved in manufacturing innovation and
global markets from the outset. As the company did not have access to the
manufacturing technology for these products in the United States and
United Kingdom (despite availability of the technology), BioEnzyme devel-
oped the technology locally. However, in 1984, the Indian founder initiated
an R&D program to manufacture new enzymes by obtaining funding
through local grants, loans and revenues generated from product sales. The
company achieved plant-scale technology and production enzyme success-
fully despite limited resources within five years of starting the R&D initia-
tive largely as a result of focusing on market needs in pursuing research. A
proprietary product and technology was developed and the company was
able to obtain funding from an Indian venture capital firm. This coincided
with the acquisition of the company’s foreign partner by a European multi-
national, leading to recognition of BioEnzyme’s contribution to high-value
intellectual property generation in India. The emergence of a multinational
partner with deep pockets gave BioEnzyme greater visibility and the oppor-
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tunity to participate in contract research projects. Consequently, revenues
increased both as a result of new contract research projects as well as royal-
ties on products developed in India.

Automating Knowledge Production Via ICTs: Generating Intellectual
Property

Like CodeOne and Netcom, BioEnzyme Inc. focused on creating value
through differentiation from the outset and top management was very
aware of the need for differentiation:

We like to differentiate ourselves because we feel, long term, that’s the best way
to go because you’ll always be much more competitive, and if we have to stay
ahead of the market . . . . we have to do things differently because otherwise you
don’t create hurdles or entry barriers.

From the outset, ICTs were taken for granted as the company focused on
generating products and technologies for its multinational partner. As in
the case of the software firm, knowledge of the ‘codebook’ was developed
over time via interactions with the joint venture partner, clients, and other
alliance partners. In addition, knowledge recombination was facilitated by
the presence of local expertise in diverse disciplines such as chemistry,
microbiology, molecular biology, fermentation, chemical engineering, bio-
chemistry, and pharmacology (the company had 460 scientists in 2003, of
which 110 were PhDs). The company generated sufficient revenues from
royalties on research done in India, demonstrating high levels of produc-
tivity and sustainability to their European joint venture partner. Top man-
agement and researchers were aware of the need to be ‘patent literate’ and
develop an ‘ethos of innovation’.

Having moved away from enzymes to pharmaceuticals, although the
company focused on known molecules, proprietary knowledge was used to
create novel products such as a bioreactor that was patented worldwide and
thereby gain a strong non-infringing position. Likewise, the company also
attempted to differentiate itself in the area of recombinant products to gain
ownership advantage.11 This included following a process in which DNA
contamination was reduced to produce oral insulin. Similarly, through its
clinical research subsidiary the company had developed knowledge about
disease progression in diabetes and oncology, and had filed three patents on
diabetic nephropathy.

Finally, the importance of gaining legitimacy by complying with the reg-
ulatory environment of the country in which the client was located was well
understood. The company obtained certification from a leading US stan-
dards body for clinical trials conducted in its new laboratory.
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Evolving Complexity: Creating a Heteromorphic Organization

Coordination and organization were critical for automating innovation
and centered round creating an ‘innovation ethos’. Thus:

You have to have a very, very integrated team of people working at the same
project. . . . In most companies they compartmentalize it, but it also appears
very often that the process development group is a separate division, the lab
development group is separate, the regulatory people are a separate group and
each one is not integrated. . . . It’s not a team effort to look at the target in a pas-
sionate way. . . . The commercial angle is also disconnected. . . . there has to be
a pull from marketing, from R&D, from process development, from manufac-
turing, from regulatory, so everyone had to feel that this was a very, very impor-
tant project.

To complement internal integration and accelerate innovation while
retaining flexibility, the company used partnerships to gain access to com-
plementary technologies.12 Rather than attempting to do everything in-
house, it was critical to consider how much value addition was achieved
when in-licensing technologies. Examples include an alliance with a foreign
start-up company that had developed an innovative technology for the food
industry. Similarly, other platform technologies were licensed from many
partners, including an alliance for early stage discovery and co-development
of four therapeutic antibody products with a company based in the United
States. As much of the research was conducted with the help of overseas
partners the company was familiar with issues pertaining to the protection
of intellectual property and professionalism in dealings with partners was
taken for granted. The local adoption of standards and norms common in
the United States and other industrialized countries was also essential in
establishing trust in interactions with foreign partners.

Other mechanisms adopted to gain access to expertise included forming
an advisory board, which included experts in key scientific disciplines and
complementary areas such as patent litigation. Finally, despite limited
resources, the company planned to maintain control over commercializa-
tion by expanding hierarchically and shift from being a producer of
enzymes to becoming a biopharmaceutical company. This plan became
possible with a successful IPO in 2004 that raised the company’s market
value to US$1.11 billion. New subsidiaries were also created for early stage
discovery and development and clinical trials and customized research.13

Thus, it can be observed that multiple organizational forms were being
used concurrently: knowledge sourcing was accomplished via formal and
informal alliances at various stages ranging from discovery to development
while commercialization was achieved via hierarchical expansion and the
establishment of subsidiaries and sales offices in India and overseas. Each
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organizational form contributed to the achievement of goals. Consequently,
a new firm lacking in resources could leverage existing resources and capa-
bilities for expansion and entry into different markets and domains by
means of alliances and achieve goals at interim stages until it developed the
capability to expand autonomously.

Finally, the adoption of heteromorphic organizational form (H-form)
from the outset facilitated the extension of firm boundaries, thereby
enabling the firm to balance the contradictory goals of flexibility and
control.

Expansion Via Real Options Heuristics

Although like other start-up organizations, BioEnzyme Inc. lacked
resources to pursue basic scientific research, this did not preclude innova-
tion. Since a key goal was to achieve differentiation through innovation, the
company focused on radical innovations that could not be easily imitated.
Examples include novel products such as a proprietary bioreactor (patented
in 2001), and an innovative process to deliver insulin orally, which resulted
in a new drug. Patent applications were filed (the company had over 100
patent applications in 2006) as products and technologies were developed,
creating knowledge assets that allowed the company to enter strategic part-
nerships and extend its boundaries. In addition, the company exploited its
knowledge base to generate revenues by offering contract research services.
‘We want a very large market reach . . . we don’t have that much pharma-
ceutical experience . . . we rely more on selling to large pharmaceutical com-
panies or biopharmaceutical companies and getting them to market, and we
just give them the active ingredient’.

Thus, at each stage, resources were leveraged to achieve new capabilities
and aspirations were adjusted upward using a real options heuristics strat-
egy. During its early history BioEnzyme Inc. focused on demonstrating its
ability to conduct research to its partners and did so by attaining ISO
certification in 1993. The same strategy was used to enter the clinical
research area by gaining certification from the College of American
Pathologists (CAP) for its laboratory in 2002. A market orientation was
clear from the beginning; by incorporating a market perspective in product
development, commercialization was easier as all areas of the company
were able to contribute and understand the importance of the project.

The adoption of a real options heuristics strategy was also evidenced by
the careful monitoring of projects that had to adhere to a strict timeline.
For example, the target for oral insulin was to produce a prototype within
one year, not five. Moreover, top management was also aware of the need
to abandon the project if the requisite progress was not achieved within the
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target timeframe: ‘One of the processes is to give up. I think we are much
more flexible and much more adept if you take quick decisions. . . . Of
course the danger is that you might take a certain impulsive decision’.

By 2004, the company had begun to manufacture its new bioinsulin and
by 2006 had launched the first drug for cancer made by an Indian company.
Adapting aspirations to a new context at each stage necessitated building
innovation capabilities to match other global players rather than relying on
a low-cost strategy:

If I make [xxx] and look at it as an affordable drug, that’s largely because I
believe that it is a very strong marketing tool. But even if I had a more expensive
way of making [xxx] I would still do it because I think that’s a very important
invention and that’s a very important opportunity for us to innovate. To me, that
serves me as a learning curve . . . If I can make a drug very cheaply and I can
compete in the world market that’s a strength but if that’s my only strength then
it’s not a sustainable model long term.

BIOALGORITHMS INC.: INNOVATIONS FOR
ACCELERATING R&D

Founded in 2001, BioAlgorithms Inc., a bioinformatics and contract
research company was global from the start. By the beginning of the 21st
century, a decade of experience with economic liberalization had created
an environment in India that favored the development of knowledge-based
organizations. The company began as a contract research organization
with a laboratory in the United States and a development center in India to
do contract sequencing for other firms and to sequence medicinally viable
plants. However, a change in the patent laws preventing the patenting of
sequences set the US laboratory on the trajectory of pursuing diagnostics
while the Indian development center focused on developing products such
as a sequence analysis product.

Automating Knowledge Production Via ICTs: Generating Intellectual
Property

With offices in the United States and India and a 24-hour helpdesk to serve
clients in the United States, ICTs were taken for granted and formed the
communication and coordination infrastructure for BioAlgorithms, Inc.
especially as the company was in the business of producing software to
automate research processes in laboratories. Like the other companies,
BioAlgorithms focused on generating intellectual property despite being a
start-up firm with only 40 people in the Indian center in 2003. The company
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had created about five products for accelerating R&D in the biopharma-
ceutical industry. Although developing the sequence analysis product had
been difficult, the experience had helped build a biological knowledge base
in the company. In addition, the company’s first two or three products were
developed to keep track of information flow in the laboratory, resulting in
the creation of a laboratory information management system (LIMS) that
was compliant to Food and Drug Administration (FDA) guidelines in the
United States. It was also customized for scientists in R&D laboratories
unlike other available LIMS products that were adaptations of accounting
or financial packages. Although global competitors existed, BioAlgorithms
had a monopoly position in India.

Other products for the laboratory included micro-array packages for
tracking and analysis, and packages for protein and structure prediction
analyses. Besides automating laboratory experiments and other processes,
knowledge was recombined for new software products. Modular software
design allowed modules to be recombined and packaged in various combi-
nations for different clients. The CEO noted that:

We have all these products; for us it is very easy to do custom software. Recently
we did one for another large US company. We created a niche product for them;
it was essentially a package where we took two or three of our packages and cus-
tomized and mapped their entire work-flow. So what they were doing with 10 or
20 different manual steps with different packages we just took and within two
months we delivered them a solution that would suit their work-flow. And the
good thing was we were actually competing with huge IT companies like [X] for
this particular product. And we beat them on all grounds: cost, time, delivery,
and understanding of the system. So, that’s where our advantage is, because we
have all the products in place. And we own the rights to all our products.

Besides marketing the products, the company also used them to conduct
analyses for clients and had filed for patents for only some selected algo-
rithms because of the expense involved in filing for all. In addition, the
company also provided a knowledge management module that enabled
clients to search and manage information. By early 2007, the company had
graduated from bioinformatics to manufacturing micro-array chips and
setting up ISO-certified laboratories to conduct experiments on a contract
basis.

Evolving Complexity: Creating a Heteromorphic Organization

Software systems similar to those developed for pharmaceutical clients to
help them track experiments in the laboratory were commonly used within
BioAlgorithms to coordinate work and share knowledge generated by
the group. The adoption of such systems was facilitated by the founder’s
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familiarity with similar systems for sharing and managing knowledge in
software companies in the United States. In addition, obtaining ISO
certification also helped to coordinate and modularize work by standard-
izing processes. By establishing controls for the knowledge that was gener-
ated, work could be coordinated within and across organizational
boundaries. Despite the initial difficulties of adopting a system to promote
knowledge-sharing, strong incentives to do so were provided by setting the
rules. According to the founder:

Basically we said that if you don’t use the system, you don’t stay here. And slowly
they got used to it. And now when anyone new comes in it is very easy for them
to adopt it because everyone is using it. So, I think it is just a matter of setting
the rules.

Standardization and modular organization allowed BioAlgorithms to
function as an extension of the client organization and become an out-
sourced product developer. Thus, the company had engaged in product
development for a bioinformatics company in Singapore that lacked knowl-
edge in the areas of sequence analysis and micro-arrays. In order to build
long-term trust and maintain the confidence of the client, norms common
in market-oriented economies were followed. BioAlgorithms obtained no
source code but received a baseline product from the client organization,
which was developed into a more advanced product. However, the client was
given the entire source code with the finished product.

Besides organizing to facilitate knowledge creation in a modular fashion,
the need to gain access to complementary resources led to the formation of
alliances in areas where knowledge was lacking internally. For example, in
2003, the company had also forged an alliance with a software company in
the gaming and entertainment industry in Canada to provide algorithms
for visualizing molecules for a new software package for protein analysis.14

While BioAlgorithms would provide the bioinformatics expertise, the
partner would focus on producing the images, and both partners would
jointly own the intellectual property generated. Similarly, in 2004 an
alliance was forged with a New York-based hospital for analyzing muscu-
loskeletal diseases using BioAlgorithms’ micro-array analysis tool. Other
partners included leading global firms in the information technology
sector.

Over the next three years, as the reputation of the firm grew stronger with
large pharmaceutical companies as clients and as revenues increased, the
company changed its focus from pure bioinformatics to conducting labo-
ratory work. A consequence was the acquisition of two companies in
Europe. The first acquisition was a division of a company manufacturing
micro-array chips while the second was small company manufacturing
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oligoneucleotides. In addition, the firm had established a presence via a
subsidiary sales office in the United States and through distributors in
Taiwan, Israel, Japan, Italy, and Austria. Thus, adaptation from a small
entrepreneurial bioinformatics firm to a life sciences company entailed
evolving a heteromorphic structure to incorporate flexibility by using a
variety of different forms.

Expansion Via Real Options Heuristics

BioAlgorithms had leveraged resources and acquired capabilities and expe-
rience rapidly in the short span of five to six years using a real options
heuristics strategy. The CEO explained that the company was focused on
bioinformatics, which required a learning period of about three years; the
plan was to graduate to research-driven discovery after gaining the requi-
site skills and building a brand that was internationally recognizable, sug-
gesting that the exploitation–exploration trade-off was well recognized
(March 1991). As noted above, the company expanded rapidly from its
inception in 2001 and leveraged its resources at each stage to gain access to
new knowledge, clients, and markets. As in the case of BioEnzyme, during
the early stages, the company focused on building legitimacy and credibil-
ity with customers via ISO certification, employee training, and adoption
of common industry standards. These steps made it possible to attract one
or two large pharmaceutical companies as clients initially,15 which as the
CEO noted, made a big difference when marketing to Indian companies.

Moreover, in the early stages, BioAlgorithms used resident expertise in
information technology to provide services such as laboratory information
systems and also outsourced product development. However, as resources
increased, the company graduated from a purely bioinformatics company
to manufacturing micro-array chips as top management recognized that
survival as a bioinformatics company was unsustainable. The early strategy
of internal growth and boot-strapping was replaced by growth via acquisi-
tion in 2006 when the company was able to obtain US$6.5 million in
funding from the International Finance Corporation. Two acquisitions in
Europe enabled the firm to acquire new clients and also acquire new tech-
nology in micro-array manufacturing and oligoneucleotides while a global
presence was initiated via distributorships. These changes in strategy were
accompanied by aggressive new targets for growth that involved growing
the company from US$3 million in revenues to US$10 million in the next
year. Key challenges involved in rapid expansion included the need to
establish systems and obtaining and retaining the right talent to achieve
aspirations within the desired timeframe. Thus, BioAlgorithms followed a
real options heuristics strategy either implicitly or explicitly as evidenced by
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actions taken to leverage resources and to adapt aspirations over time. See
Table 6.1 for a summary of the expansion and evolution of these firms via
industrialized knowledge production.

OTHER ORGANIZATIONS

This section outlines findings from other organizations in the biotechnology
and software industries, including Indian firms multinational corporations,
and leading biotechnology and information technology research organiza-
tions and industry associations. Observations from these organizations
confirms that cross-border participation in knowledge production and inno-
vation was being driven by the use of new information and communication
technologies and contributed to: (1) automating knowledge production and
intellectual property generation; (2) the evolution of complexity and the cre-
ation of heteromorphic organizational form; and (3) expansion via a real
options heuristics strategy.

Automating Knowledge Production Via ICTs: Generating Intellectual
Property

Other biotechnology and software companies reiterated that the use of
ICTs was taken for granted and that cross-border communities functioned
seamlessly. Most interviewees noted that foreign firms typically outsourced
non-core and some core activities to save costs and take advantage of intel-
lectual capital available in India. One example was an Indian IT services
company that diversified into providing services for the health care indus-
try. These included such as outsourced clinical processes like radiology.
Similarly, higher value-added outsourced work by another IT services
company included providing business research, technology analysis, and
writing patents. Thus, communication technologies that linked geographi-
cally dispersed locations seamlessly together with the higher acceptance of
distributed work increased the viability of cross-border partnerships.

Most firms, including multinational organizations, focused on industri-
alizing knowledge production via automation. Automation involved intro-
ducing global standards and norms common to the industry to gain
credibility and legitimacy. All Indian software firms were ISO and/or
SEI/CMM accredited, and biotechnology firms also adopted international
standards and focused on obtaining certification for laboratory facilities. A
director in a basic biotechnology research institution noted that interna-
tional partners often examined the facilities before granting funding.

In addition, new methods were adopted for accelerating drug discovery
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including computational methods, visualization tools, and simulation.
Increasing efficiency in outsourced health care services, where adoption of
technology was poor, also entailed introducing information technology:

It’s not unusual to find half a dozen data mining tools running in one depart-
ment . . . one particular lab, all uniquely tailored for one particular set of sci-
entists . . . Our real focus is how we can take your process and make it more
efficient . . . And it doesn’t matter what it is . . . if it’s wet labs or call centers.

New artifacts such as three-dimensional models developed from CT
images were created as a result of efforts to make processes more efficient.
Thus, firms participating in cross-border knowledge production reduced
uncertainty in the discovery and innovation process by recombining knowl-
edge to create knowledge components or tools that could be exchanged for
complementary resources.

Most firms were also aware of the need to generate intellectual property
and patent innovations. For example, patenting was taken for granted in the
R&D center of a multinational biopharmaceutical company, while software
MNCs were just beginning to realize its importance in 2003. However,
product-oriented Indian and foreign multinational companies in both indus-
tries had begun to emphasize patenting and by early 2007, most leading
Indian firms focused on generating intellectual property and appropriating
it via patenting. An R&D head in a biopharmaceutical company noted that
their focus was on research and hence R&D spending was 30–40 percent of
revenues. Most multinational firms had also established the equivalent of an
R&D center in India to focus on generating intellectual property.16

According to the head of the national IT industry association, intellectual
property was typically created by gaining familiarity through servicing a par-
ticular industry that enabled the service provider to create something that
was industry-specific and unique, particularly for the banking, financial ser-
vices, and insurance sector. Moreover, despite the risk involved, even small
and medium-sized companies had realized that focusing on innovation was
a necessity because continuing to rely on generating cost efficiencies was
likely to yield diminishing marginal value to customers over time.

The impetus to standardize processes to comply with global customers’
needs and accelerate innovation made information technology pervasive
and diffused new capabilities in every industry.17 As noted by the head of
the IT association:

Once you globalize, when you face global competition, you have to meet global
standards and efficiencies, then IT becomes a necessity for you . . . and we have
seen that in industry after industry both in India and abroad, so, clearly, as the
economy opens up you will get much bigger application in the use of IT in the
core industry sectors.
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For example, in the textile industry, as exports grew, incorporating IT
became necessary to conform to EU regulations such as those regarding
dyes containing banned chemicals. The only way to comply with these reg-
ulations was to track the whole supply chain.

In addition, innovation in information technology permitted new appli-
cations of ICTs in a variety of industries. Thus, in the engineering services
sector, ICTs enabled engineers to experiment with designs ‘in silica’ instead
of cutting metal, making a prototype and testing it on the shop floor.
Similarly, in the area of new drug discovery, instead of synthesizing 50 000
combinations of a molecule in vitro, researchers could do the work ‘in
silica’ to narrow down the possibilities to 100 before taking it to the labo-
ratory. Consequently, technological innovation together with the need for
IT in every industrial sector made it possible for multinational firms to out-
source even high-end work related to innovation such as early stage dis-
covery and clinical testing to accelerate drug discovery and development.
Likewise, in market research, companies had graduated from doing data
mining and analysis, to building models for decision-making.

Evolving Complexity: Creating a Heteromorphic Organization

Most biotechnology and software firms used a variety of organizational
forms simultaneously, ranging from alliances to hierarchies. Performing
contract research for multinational companies had become increasingly
common, particularly in biotechnology. Moreover, most Indian biotech-
nology firms engaged in contract work to sustain research until they were
able to develop a product internally and both informal and formal alliances
were common. Collaborative work was encouraged, particularly during the
early stages by funding researchers to institutions in the United States or
Europe, or via alliances for specific technologies.

In established firms, research collaborations were pursued to source and
explore new areas particularly via sponsored research with universities
while globalization was pursued via hierarchical expansion. An executive
in a leading Indian pharmaceutical firm also engaged in biotechnology
noted that as companies expanded their geographical reach rapidly, they
encountered the same issues as other global firms: how to manage global
operations effectively. To address this problem the company had evolved a
variant of a matrix structure: a geographical–functional matrix, and begun
to staff the organization with people from different locations with the
objective of gaining and transferring local knowledge across operations to
market the company’s products effectively. However, he commented that
rapid expansion was facilitated by flexibility and high levels of informal
communication and coordination rather than formal structure:
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I think in the beginning stages of a company, even if you look at a company that
has been there for a long time but is just stepping out on the path of [interna-
tionalization] you will find this kind of rapid growth because whatever be the size
of your domestic market, a foray into international markets immediately adds a
quantum jump, particularly if you have done a good deal for the initial foray. So
you are growing very rapidly. You know there is a long period where you kind of
hibernate and try to find right partners and all of that and then you’ll strike it
rich and strike it right and suddenly there is this explosive growth . . . so it is not
perhaps so much a formal structure, but actually one-man-driven, very deep
kind of relationships within the company that make things happen . . . it is a
period where irrespective of how it happened,18 there is a lot of flexibility within
the system to enable you to operate and move ahead. There is a lot of informal
communication.

International collaborations were pursued even in the arena of basic
research. The head of a public sector biotechnology research center noted
that many scientists had been awarded grants to do specific research for
global pharmaceutical companies. One reason for collaborations between
Indian and foreign scientists was that they helped to validate research and
improve intellectual contributions by pooling data from different countries.
Research heads in various public scientific institutions noted that publica-
tion in international journals was important for advancement in leading
Indian research centers and technology institutes. Thus, leading Indian
science and technology institutions had also begun to participate more
actively in global science and technology.

As the emphasis on collaborations suggests, using contracts and alliances
as well as hierarchies where feasible was a core strategy of biotechnology
firms seeking to gain access to knowledge or markets. Alliances were par-
ticularly important for start-up firms until they gained sufficient strength
to participate in all stages of the technological life cycle autonomously.
However, despite emphasis on collaborations and alliances, Indian firms
with resources and capabilities also favored hierarchies particularly for
commercialization, as expansion was perceived to depend on ownership
advantage (Hymer, 1976). Similarly, foreign pharmaceutical multinationals
also used alliances and contracts to explore technologies of potential future
value but relied on hierarchies for commercialization to maintain their
market position. Thus, a range of organizational design options was
pursued depending on the firm’s aspirations and its configuration of
resources at any given point in time.

The pursuit of survival, growth, and expansion under uncertainty fuelled
the emergence of ‘heteromorphic’ or H-form organization that encompasses
the adoption of different structures at different stages in the firm’s history
to enable rapid capability-building and growth via innovation and the gen-
eration of intellectual property. This design strategy also provides the
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flexibility required to abandon projects that are not likely to be profitable
from either a knowledge or market perspective. Thus, the design of the orga-
nization can itself be viewed as an experiment in matching strategy with
structure. Much as in a game of chess, players evolve a strategy from simple
rules in the course of participating in cross-border knowledge production.
Examples of such rules include:

● Match quality required by best-known competitors or accreditation
bodies.

● Maintain confidentiality.
● Understand where services or products fit in the innovation cycle and

determine target customers.
● Adhere to contractual obligations for intellectual property generated

from client-related work.
● Develop own knowledge base.
● Create new services/products.
● File own patents.
● Forge alliances.

Since different sets of activities and routines must be adopted to follow
these rules, firms can easily assemble new organizational modules as
required. The simultaneous adoption of such organizing principles consti-
tutes the emergence of the heteromorphic organizations in which each
module is evoked programmatically based on the configuration or state of
the organization and participants at any given point in time. Repeated
enactment of specific modules strengthens their performance, resulting in
the creation of new capabilities and increasing complexity.

Consequently, cross-border linkages of various types at different stages
of the organizational life cycle helped to evolve heteromorphic organiza-
tions, which, in turn, contributed to the development of a complex system
consisting of interlinked organizations across national boundaries both at
the micro level via individual collaborators, inter-firm alliances and at the
national level via industry associations and research centers.

Expansion Via Real Options Heuristics

As observed earlier, organizations in each sector were able to leverage exist-
ing resources to expand and create new markets by applying real options
heuristics as a strategy either implicitly or explicitly. Real options heuristics
were applied in three ways.

First, local biotechnology and biopharmaceutical firms learned to lever-
age resources to create a market position globally by generating intellectual
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property derived from an insider position in the local environment. An
Indian start-up biotechnology firm had invested in natural products in
India because many large companies considered it too time-intensive and
problematic to get involved with extraction and purification. Despite these
difficulties, this company focused on developing systematic techniques for
extracting pure compounds based on plants endemic in Southern India.
This strategy would help the company gain differentiation advantage by
producing unique products since only 10 percent of the 250 000 species of
higher plants in the world had been explored for bioactivity. Other bio-
pharmaceutical firms were focused on taking advantage of new opportu-
nities and indigenous technology to establish niche markets by developing
and launching low-cost products for tropical diseases such as malaria,
tuberculosis, and hepatitis, or illnesses like diabetes that were rapidly
growing more prevalent in the developing world.

MNC competitors also sought to take advantage of opportunities by
using India as a base to understand a new, rapidly developing market. One
biopharmaceutical MNC had launched a unit for low-cost drug discovery
for diseases of the developing world and others were beginning to establish
R&D centers. Incremental investments in new opportunities, exemplified
pursuit of real options and were necessary for industry growth according
to an executive in an Indian biopharmaceutical company who noted that:
‘When more players come in, it will grow the industry. Obviously there will
be a shake out. But the pie has to become bigger and this will not happen
if there are too few players’.

Likewise, in the software industry, Indian software companies leveraged
their strengths in producing customized software to expand by entering
new areas such as medical services and a vast array of outsourced business
processes. Most leading multinational software companies had also estab-
lished centers for business process outsourcing, high-end services, and
R&D, intensifying competition.

Second, from an aggregate industry perspective, evidence of a real
options heuristics strategy is evident both in the expansion of firms and the
shift from work requiring simple capabilities to more complex ones. In the
IT sector, simple services were giving way to higher-end work; similarly, in
the biopharmaceutical sector, contract research was growing in the discov-
ery and development stages. Many local firms were, consequently, more
willing to invest in R&D (on average about 2 percent; one biopharmaceu-
tical firm invested 30–40 percent of revenues in R&D), provide inputs on
curriculum design to educational institutions, and valued Master’s degrees
more highly if students’ project work had industrial relevance.19

Third, from a societal perspective, evidence of real options heuristics can
be derived from the expansion and diffusion of capabilities developed in the
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IT sector into other industries and sectors of the economy. Thus, a virtu-
ous cycle was initiated fuelled by the need to face global competition:
meeting global standards and efficiencies in almost every industry necessi-
tated the use of IT, thereby accelerating its use, and leading to greater
awareness of global markets and raising global competitiveness. Besides
expansion into textiles and health care for example, attempts were also
being made to incorporate IT into the rural and agricultural sectors by cre-
ating new linkages. Examples include experiments like the establishment of
e-platforms (‘e-chaupal’) in villages that allowed farmers to use technology
to save 10–20 percent on input purchases and obtain 10–15 percent more
for outputs.

Similarly, researchers in leading technological institutes focused on
developing innovative technological solutions that were more suited to
local needs (for example, products that use less power to provide the func-
tionality required). This involved incubating technology-based start-up
companies. Thus, in 1994, researchers focused on increasing the number of
telephones in India from 7 million to 100 million and established a
company to address the problem; they first identified the local loop (pair of
copper wires) as the bottleneck in the system, and then developed a wire-
less local loop system. By 2005, the target of 100 million telephones in India
had been surpassed: sales of the wireless local loop system were approxi-
mately US$234.37 million (INR1000 crores)20 and the system was being
used in India and 20 other countries. Likewise, in 2001, the research center
also established a company to provide internet and telephone services in
villages.21 The company would provide the basic infrastructure, which
included a kiosk, local language software and training at a cost of US$1166
(INR50 000) to aggregate demand and enable the local entrepreneur to run
the kiosk at a profit by providing educational, health care and financial ser-
vices. These services included internet-based tutorials to help students to
pass English and mathematics examinations; telemedicine to help connect
rural patients with remote doctors using a basic telemedicine kit, which
monitors temperature, blood pressure, pulse rate, and ECG; banking via a
low-cost ATM machine (at a cost of US$1166 [INR50 000] was 16 times
lower than US$18 650 [INR800 000] for the traditional machine) using bio-
metric authentication for security rather than an identity number because
secrecy was not a part of village culture.

Biotechnology research centers had also incubated a few companies
somewhat serendipitously, and were sometimes led by individual scientists
interested in pursuing commercialization opportunities more actively.22,23

Finally, a fledgling venture capital industry had also begun to emerge to
support entrepreneurial ventures.24
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CONCLUSION

This chapter outlined how, under uncertainty, Indian firms expanded glob-
ally by using a strategy based on real options heuristics and adopting H-
form organizational design to accelerate and industrialize knowledge
production.

Evidence from Indian software and biotechnology firms suggests that
the use of ICTs facilitated cross-border innovation by easing communica-
tion, coordination, and codification and evolving practices to promote
knowledge-sharing, thus creating the infrastructure for industrializing
knowledge production. Most software and biotechnology firms learned
about international markets via participation as suppliers or through
forging partnerships and alliances with MNCs; many had access to exper-
tise through founders’ education, experience, and connections in the
United States.25 Moreover, access to knowledge was enhanced via techni-
cal alliances with other firms or experts in foreign (mostly US) universities
and participation in industry and trade associations. Although biotech-
nology firms used alliances in the early stages of the technological life
cycle, software firms’ alliances were largely focused on downstream activ-
ities, reflecting a more mature industry and the need to integrate domain-
specific business knowledge with technology. However, both software and
biotechnology firms with strong capabilities and resources also used hier-
archies to expand and many had established sales subsidiaries in the
United States.

Thus, evidence from these firms indicates that they experimented with
organizational design to accommodate the need for flexibility and access to
resources and knowledge. These structures facilitated and yet controlled
the rate of knowledge flow across intra-organizational units and inter-
organizational units, resulting in the emergence of the heteromorphic orga-
nizational form, which comprises the simultaneous use of a range of
organization forms such as short-term contracts, alliances, and hierarchies
to achieve different objectives. As observed in these organizations, the pres-
ence of uncertainty in technology-intensive environments and competitive
pressure to accelerate innovation created strong incentives to share knowl-
edge across organizational boundaries. Moreover, knowledge-sharing was
encouraged by aligning the interests of alliance partners. Nevertheless,
knowledge-sharing in international partnerships occurs mainly in arenas
where Indian firms have existing skills and when trust is secured through
contracts or by assigning ownership for the knowledge generated through
patents.

Patenting was common in both industries but more prevalent in biotech-
nology than in software; in both industries, product-oriented firms were
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more familiar with patenting while firms providing services perhaps relied
more on customization that was difficult to replicate. However, multinational
companies remained the largest producers of patents.

Indian firms also adopted a pragmatic approach and used real options
heuristics to expand the scale of their operations in incremental steps by
creating knowledge components that could be exchanged for complemen-
tary resources and capabilities. As Indian biotechnology and software firms
gained international recognition, entrepreneurship acquired legitimacy,
thus helping to create an environment that nurtures and stimulates entre-
preneurial capabilities.

This analysis provides preliminary evidence of real options heuristics
(ROH) as a strategy for firms in emerging economies as investments are
multi-staged and incremental rather than one-shot. Moreover, using ROH
as a strategy allows firms to acquire knowledge of distant technological
domains and build new capabilities. It also suggests that social communi-
ties can be formed readily when there is prior knowledge of the ‘codebook’
by using information technology to accelerate knowledge codification and
by increasing interactions with other firms via alliances and contracts, firms
can extend their boundaries. A consequence of such experimentation and
interactions using ROH is the evolution of markets for knowledge.
Through interactions and negotiations in contracts and alliances, partici-
pants define the context, learn to communicate with one another, evolve
consensus about standards in new domains of knowledge, and establish
their position in the global economy. Thus, exchange is made feasible in the
arena of knowledge where transactions costs are generally presumed to
prohibit it (Buckley and Casson, 1976) suggesting that markets do not
emerge spontaneously but are constructed.

It also indicates that national boundaries are less impermeable to the
diffusion of capabilities than presumed earlier. A consequence is the emer-
gence of firms that are global participants in new industries in regions pre-
viously inexperienced in them.

NOTES

1. The production of technological innovations and knowledge is fraught with uncertainty
with respect to technology, markets, and the commercialization process.

2. This number includes other Indian firms and multinational subsidiaries of software and
pharmaceutical companies.

3. These include a software association; an organization focused on facilitating tech-
nology transfer in biotechnology; a state public sector organization responsible for
IT procurement, consultancy services, and training; a state-level government depart-
ment – commerce and industry; and three public sector science and technology
institutions.
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4. A manufacturing assembly line requires an increased flow of inputs or ‘throughput’
to capture economies of scale and lower unit costs (Chandler, 1990). By analogy,
accelerating knowledge production or innovation via an assembly system necessitates an
augmented flow of knowledge inputs or components. Knowledge components are arti-
facts, tools, or methodologies created by recombining tacit and/or explicit knowledge.

5. Complex environments require multiple perspectives to handle complexity (Weick,
2007); analogously, strategies for such environments require complexity in organiza-
tional structure.

6. Maurice, Sellier and Silvestre (1986) found in a matched sample of French and German
firms that promotion was based on demonstrated skills in the latter, while academic
qualifications played a more significant role in the former.

7. Software Engineering Institute/Capability Maturity Model.
8. The term ‘codebook’ (Cowan et al., 2000) is used to denote deep domain knowledge.
9. While the ecological view of the firm and niches it occupies suggests a static view of the

firm (Hannan and Freeman, 1977 and others), the permeability of organizational
boundaries permits a more dynamic view by indicating both how firms come to occupy
certain niches and how they might migrate to new ones.

10. Other works that note the importance of networks include Kogut (2000), Ghoshal
(2001), and Stark (2001).

11. The case of BioEnzyme Inc. seems to support Hymer’s ([1960] 1976) contention that
ownership advantages are important for internationalization.

12. While historical wisdom suggests that partnerships would be eschewed when building
proprietary technologies, such alliances may be used when speed in bringing new tech-
nologies to market is critical (Folta and Miller, 2002).

13. A key challenge was maintaining the entrepreneurial spirit of the company as it
expanded.

14. This package was a proteomic tool that allowed firms to address several applications in
the drug discovery and developmental process. The tool enables the detection of different
proteins expressed by tissues using two-dimensional gel-electrophoresis. The tool helps
researchers to capture, organize, and analyze protein sequence data.

15. It may also be noted that pharmaceutical multinational clients were interested in bioin-
formatics and other services provided by companies in India because of the cost savings
and need to accelerate innovation-related processes given the long and costly develop-
ment cycle for new products.

16. While Indian firms were beginning to patent, the numbers were not yet very large; multi-
nationals (MNCs) were the largest patent producers. However, it was difficult to estimate
how many patents were generated by them as most MNC patents were filed by the cor-
porate entity in the United States or Europe (according to an interviewee at NASSCOM
in 2007).

17. This is reminiscent of the contentions of Young (1928) and Rosenstein-Rodan (1943;
1944) and, more recently, others (Romer, 1986; Arthur, 1989; Murphy et al., 1989) that
industrialization with new technologies that yield increasing returns can stimulate devel-
opment.

18. The executive noted that it could be an individual who is ‘in the hot seat’, who is charis-
matic and has deep relationships, who gets things done.

19. Earlier, the perception in industry was that spending two years to obtain a Master’s
degree was a waste of time because it did not provide relevant industrial experience; this
was a major discouragement to obtaining Master’s degrees in technical fields and the
development of research.

20. The exchange rate used for conversion: 0.02344 US dollars per Indian rupee, April 2007.
21. India has 600 000 villages and in 2001 only about one-third had a telephone connection.
22. According to the former head of a leading biotechnology research center, some scien-

tists had also become entrepreneurs and started their own biotechnology firms.
23. Moreover, the need to promote commercialization and entrepreneurship was recognized;

a leading science and technology institution was hosting a workshop on biotechnology
commercialization in January 2007.
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24. Some research on regional industrialization (Florida and Smith, 1993; Gompers and
Lerner, 2001; Sorenson and Stuart, 2001) notes the importance of venture capital for the
evolution of high-technology industries.

25. This supports Saxenian’s (1994) contention that clan members form important conduits
for the transfer and diffusion of knowledge.
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7. From paupers to princes: the
emergence of the Indian
multinational corporation

As our desire is, so is our will. As our will is so are our acts. As we act, so we become.
(Brihadaranyaka Upanishad)

Based on the findings presented earlier, this concluding chapter develops a
framework to explain how and why cross-border innovation occurred and
how new Indian multinationals emerged and expanded overseas. The adop-
tion of new technologies and matching organizational design transformed
individual firms, and propagated changes in the macroenvironment, result-
ing in the creation of capabilities and a new location of excellence. In addi-
tion, the emergence of the Indian multinational ushered in sociocultural
change and helped to legitimize entrepreneurship. Finally, the globalization
of Indian firms also has implications for economic development.

TOWARD A FRAMEWORK FOR THE DYNAMICS OF
COMPLEXITY AND EMERGENCE: ASPIRATION
ADAPTATION IN CROSS-BORDER INNOVATION

Evidence from Indian firms in both ‘old economy’ and ‘new economy’
industries suggests that their interactions with foreign multinationals both
as recipients of technology and suppliers of services enabled them to adapt
to a changing national context and acquire capabilities necessary to par-
ticipate in the global economy. Findings from various firms are used to
develop a conceptual framework that maps the evolution of knowledge and
capabilities and dynamics of multinational expansion.

While explanations for the existence of MNCs abound, ranging from
market power and collusion (Hymer [1960] 1976; Kindleberger, 1969), to
technological evolution and its life cycle (Vernon [1966] 1979; Cantwell,
1989) existing internationalization theories rarely focus on dynamics of
emergence of new ventures internationally (Oviatt and McDougall,
1994). Knowledge-based perspectives rely on the social aspect of knowl-
edge (Kogut and Zander, 1993; 1996) or transaction costs (Coase, 1939;
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Williamson, 1975; Buckley and Casson, 1976) to explain international
expansion. Both views lead to the conclusion that knowledge-based firms
grow mainly via internalization: the former due to the embeddedness of
knowledge in communities (Kogut and Zander, 1993; 1996), and the latter
because of failure in the market for knowledge. Neither approach con-
siders the impact of uncertainty on the mode of expansion. Although
some studies have noted that past experience and behavior can motivate
international expansion (e.g., Aharoni, 1966), most do not examine how
international expansion of the firm co-evolves with the growth of knowl-
edge and capabilities. Moreover, firms from emerging economies face
different environmental conditions that dictate a different strategy to
overcome challenges such as lack of capital, technology and skills, and a
perception of poor quality. The framework suggests that technology and
organization co-evolve, allowing the emergence of complex systems
capable of adapting under uncertainty. It also extends behavioral theories
of organization (Simon, 1965; 2000; Augier and Sarasvathy, 2003) by
focusing on aspirations that fuel action and achievement (McClelland,
1959; Selten, 2001).1

Complex new multinational organizations from India arose as a con-
sequence of learning from interactions with overseas partners. While
technological learning was a starting point, international growth led to
the evolution of organizational complexity to enable rapid adaptation
under uncertainty in a complex global environment (Simon, 1956).
Organizational complexity was generated by using real options heuristics
(ROH) as an expansion strategy and adopting an organizational design –
heteromorphic organizational form (H-form) – that permitted flexibility
and adaptation in uncertain environments. Dynamic learning led to the
emergence of multinationals with new capabilities in a country not
regarded as an important player in world markets before the late 1990s.

This perspective on international expansion emphasizes pragmatism and
experimentation in developing insights about the context that guides
decision-making and action in environments characterized by uncertainty.2

Learning and innovation were initially necessary for successful technology
absorption in Indian firms, and continue to remain critical for competing
through innovation in global markets as they become producers of
knowledge-based components, services, and products. It also highlights the
importance of focusing on processes as well as outcomes and suggests that,
depending on environmental constraints, a variety of methods can be used
to achieve organizational outcomes.

Acquiring knowledge relevant for innovation and evolving organiza-
tional complexity to cope with uncertainty depends on three critical behav-
iors that help learning by:
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1. deciphering the context;
2. using simple rules; and
3. adapting procedures and aspirations in response to feedback.

Indian firms evolved new strategies and complex organizations and devel-
oped enhanced information-processing capabilities by adopting these
behaviors in their interactions with foreign multinational firms. Over time,
the interaction ritual3 changed as they evolved, allowing for the emergence
of new identities, behaviors, and a shift in power relations.4

Since models of emergence and innovation must incorporate learning
from experience (Holland, 1998), innovation is viewed as a game or
problem-solving situation requiring decisions and moves that contribute to
winning. Winning the innovation game is equivalent to successful market
adoption of the innovation and, potentially, higher market share for the
firm.5 The state of the game or its configuration at any point determines the
play of the game from that point on and is a summary of past history for
determination of all future possibilities. Thus, both initial and subsequent
configurations of the game determine outcomes. At each stage, the game
configuration constrains players’ moves based on the rules of the game
(ibid.).

Only a small number of rules are required to define a game so compli-
cated that its possibilities cannot be exhausted. Consider a game in which
there are ten possible moves from each configuration (state) including the
initial configuration. If the game terminates after the two moves, there are
102 = 100 ways of playing the game. If it terminates after ten moves, there
are 1010 = 10 000 000 000 ways of playing the game. Novice players can, nev-
ertheless, learn to outdo experts despite the difficulty of predicting out-
comes from the large number of combinations of game configurations
(ibid.).

Making successful moves in games dictates assessing other players’
likely responses. When a game is played repeatedly, unknown aspects of
other players’ strategies are revealed. By observing other participants,
players can learn what they are likely to do when confronted with deci-
sions at different choice points, thus enabling them to construct a model
of their opponent’s strategy. However, a strategy cannot be defined by
listing all the game states and possible moves because there are too many
states. Hence, strategies can be defined via a set of rules or heuristics.6 In
chess, these rules embody principles like ‘build a strong pawn formation’
or ‘control the center’. Such rules focus on features that occur frequently
and are relevant to decisions at various points in the game. Thus, states
with similar features can be reduced to clusters suggesting similar deci-
sions and moves. Repeated plays of the game can be used to discover and
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combine building blocks (e.g., heuristics, features) to construct a feasible
strategy (ibid.).

By analogy, participating in the innovation game reveals knowledge
about other players’ strategies. Through repeated interactions partici-
pants learn to anticipate one another’s moves, and thus enhance their
repertoire of available strategies. Since speed is of the essence, contextual
knowledge is critical for operating in uncertain environments. Players gain
familiarity with the context and knowledge about other players by par-
ticipating in the game using simple rules and strategies. Even though the
overall system is fully defined as when a computer is supplied with the
rules of the game, prediction is difficult even after extended observation.
Strategies co-evolve, each strategy adjusting to its experience with its
opponents. This co-evolution exhibits the creativity inherent in evolu-
tionary processes.

Indian firms used apprenticeship to understand the features of the game
through attempts to ‘match’ lead firms’ moves.7 They also experimented
with rules and moves like ‘acquire technology’, ‘establish alliances’, and
‘continuously improve quality’ depending on the resources and capabili-
ties available. Making these moves, in turn, yielded more information,
resulting in new rules such as ‘match quality of US MNCs’, ‘differentiate
product offerings’, ‘export to other developing countries’, ‘establish sales
offices and/or subsidiaries overseas’, and ‘use a variety of organizational
forms’.

Moreover, aspirations were adjusted as learning occurred. Though goals
were initially focused primarily on learning-specific tasks, such as acquir-
ing technical knowledge, as these tasks were mastered, a new identity
emerged, initiating a self-fulfilling prophecy of success. Firms evolved
from ‘bricoleurs’ (Levi-Strauss [1962] 1966) using craft-based methods of
knowledge production to ‘engineers’ using industrial technologies to man-
ufacture knowledge and leverage innovations successfully to expand the
firm.8 New aspirations also arose from interacting and identifying with
leading firms, suggesting an evolution towards a ‘geocentric’ organization
(Permutter, 19699). Prominent among these was the desire to be ranked as
global leaders. Consequently, attempts to match leading global players led
to the adoption of new attitudes, orientations, and rules that accentuated
the importance of entrepreneurialism, opportunity-seeking, and interna-
tional expansion10 (see Figure 7.1 for an outline of the dynamics of cross-
border innovation).

In conclusion, evidence from the studies outlined in earlier chapters sug-
gests that Indian firms used a staged approach to globalization during
1993–2003, evolving new strategies and moves as they deciphered the
changing context. As noted earlier in the book, a staged approach is used
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as a device to denote demarcations in capabilities rather than a fixed dura-
tion and does not imply that evolution is necessarily linear or that progress
is inevitable; thus, it does not rule out the possibility that some firms may
evolve faster than others while others may remain at a particular stage if
conditions for learning and evolution are not conducive.

In the first stage, firms focused on building a community of practice;
most firms (except Bearings) forged strong relationships with their
technology suppliers and created an organizational environment that
enhanced intra- and inter-organizational communication and coordina-
tion to facilitate the diffusion of learning via apprenticeship. Earthmovers
relied on technology collaborations to diffuse technical knowledge of
hydraulic machines and social and organizational know-how required to
convert the organization from a sequential to a concurrent manufacturing
system. As capabilities were developed, reliance on foreign suppliers was
reduced.
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Figure 7.1 Evolving complexity: a model of the dynamics of knowledge
transfer and cross-border innovation
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Similarly, Steelworks relied on direct imports of technology and foreign
consultants to create a local community of practice in India. A team of
internal experts was developed to install the new technology and diffuse
learning to the rest of the organization. Here too, the group focused on
sharing knowledge and collaborating intensively to enhance the organiza-
tion’s capacity to absorb knowledge rapidly.

Unlike Steelworks and Earthmovers, Bearings foundered initially
because of differences in the priorities of joint venture partners and
impediments to internal collaboration arising from the presence of expa-
triates and differences in work style and culture. However, when emphasis
on collaboration was restored, the Indian JV experienced performance
improvements.

Other Indian manufacturing firms also replicated similar local commu-
nities using their relationships with foreign technology suppliers and joint
venture partners. Consequently, the first stage of evolution involved creat-
ing conditions in the domestic environment to foster the absorption of new
technologies by augmenting organizational coordination and communica-
tion capabilities.

The second stage involved enhancing the ability to absorb and process
knowledge more efficiently and speedily by institutionalizing learning across
the firm via best practices. A preoccupation with doing everything internally
gave way to a focus on external search and benchmarking quality against
global manufacturers. This stage was transitional; executives realized that
not only new technology, but also ideas about organization could be adopted
from external sources. Consequently, efforts to strengthen organizational
information-processing capacity and match global quality in manufacturing
were accelerated. All three organizations reinforced these priorities by intro-
ducing benchmarking and other best practices. For example, R&D engineers
in Earthmovers noted that design capabilities had evolved by following new
methods; similarly, productivity and quality improved by installing self-
monitoring and problem-solving principles on the shop floor. In addition,
the discourse evolved to incorporate these concepts.

After enhancing internal communication and coordination, similar
quality and productivity improvements were found in Bearings. Expatriate
managers began to learn about domestic resources and developed
local suppliers to reduce costs and reliance on technology imports.
Likewise, in Steelworks, practices adopted in the new blast furnace were
institutionalized and diffused across the organization via modernization
projects – top management professed that the goal was to become a ‘learn-
ing organization’.11

The third stage was marked by the adoption of new technologies and
the internet to facilitate Indian firms’ participation in global markets as
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suppliers of products and services. During this stage, firms attempted to
integrate ideas from both internal and external sources to accelerate inno-
vation. Moreover, collaborative technologies eased cross-border knowledge
production since knowledge itself was increasingly embedded in artifacts
reliant on information technology. Industrializing knowledge production
led firms to use a variety of organizational mechanisms over the course of
the technological life cycle12 and adopt modular organizational designs.
This resulted in the emergence of information-based ‘heteromorphic’ orga-
nizations, a form that encompasses alliances, hierarchies, and a variety of
contractual arrangements to enable firms to create and operate a portfolio
of real options. This form also allows the firm to expand via ‘real options
heuristics’, while retaining the flexibility to exit if pursuing a particular
option is not viable. Consequently, geographical borders are rendered less
relevant for knowledge production.13

By the third stage, firms in all three sectors – manufacturing, software,
and biotechnology – had embraced information technology to enhance col-
laboration and communication greatly with external partners both in terms
of frequency and regularity, in contrast to the sporadic levels of communi-
cation possible earlier. Moreover, the use of technology eased the creation
of communities of practice to the extent that cross-border collaboration
was taken for granted. Earthmovers pursued other technology partnerships
for indigenously designed excavators although the Japanese JV partner had
increased its stake. Engineers noted that detailed design collaboration
was possible since drawings and other documents could be readily trans-
mitted over the internet; the only requirement was that both parties use
standardized software. Thus, many projects ranging from design to manu-
facturing were pursued simultaneously, subject to financial and manager-
ial constraints.

At this stage, Bearings was viewed as an established Indian subsidiary
and a stepping stone to gain access to R&D and design resources.
Consequently, attempts were made to align the Indian manufacturing plant
with the priorities of the global manufacturing center and use the Indian
experience to replicate a manufacturing center in China. In addition, the
Indian subsidiary established an R&D center in Bangalore. Manufacturing
was standardized to make the Indian subsidiary a specialized and seam-
lessly integrated unit in the multinational network. The role of the Indian
R&D center was to enable the multinational to standardize and accelerate
innovation. These moves are evidence of the use of real options heuristics
in decision-making.

Steelworks also engaged in organizational reconfiguration to accom-
modate changes in strategy and augment internal capabilities. New rules
were learned and adopted by interacting with partners and consultants.
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These included making strategic planning a continuous activity, using
mechanisms like the balanced scorecard to align corporate and functional
strategies, focusing on acquisitions, and investing in new e-businesses. The
combination of IT and organizational reconfiguration to coordinate and
manage tasks facilitated knowledge decomposition and recombination
and enabled the peripheral activities to be outsourced. These moves led to
perceiving the organization as a portfolio of businesses; decisions about
whether to pursue a business depended on aspirations, resources, market
conditions, and competition. In addition, they also set the organization on
a trajectory of international expansion.

Evidence from the software and biotechnology firms suggests that they
were at the third stage by 2003. Indian software firms took full advantage
of new communication technologies and were already recognized as
international players. Biotechnology firms, although recently established,
also took IT-based cross-border communication with peers for granted.
Moreover, knowledge production in these industries had become increas-
ingly reliant on the digitization of knowledge. The ability to share knowl-
edge instantaneously via ICTs, together with the desire of foreign
multinationals to save costs by accessing cheaper resources overseas, pro-
pelled Indian firms into cross-border knowledge production. In both
industries trust was evolved by adopting international quality standards
for technology, facilities, and practices. Interactions between Indian and
foreign firms led to the understanding that contractual obligations must be
fulfilled to maintain credibility. Consequently, trust was more widely
diffused, allowing players to participate more freely in cross-border col-
laborations. Particularly in the biotechnology industry, a wide range of
organizational mechanisms was used to gain access to new knowledge.
These ranged from informal and formal partnerships with Indian and
foreign universities for discovery, to strategic alliances for development
and commercialization.

Although earlier research suggested that proprietary knowledge was
usually appropriated by establishing hierarchies (Buckley and Casson,
1976; Teece, 1977), evidence from ‘new economy’ firms indicates that
biotechnology firms evolved ways to share the benefits of joint research by
relying on contracts and patents to establish trust, corroborating Lewis’s
(1970) seminal insight that the transformation from ‘status’ to ‘contract’ in
developing economies is profound.

Entrepreneurial firms lacking resources exploit alliances and joint ven-
tures to gain access to new knowledge, acquire capabilities, and expand
internationally (Oliver, 1994; Powell et al., 1996) while hierarchies are
used by large firms. Consequently, hierarchies are not the only means of
expansion. However, this does not suggest that hierarchies are likely to be
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abandoned in favor of other forms. The evidence suggests ‘heteromorphic’
organizational forms evolve as both entrepreneurial and established firms
make use of a wide variety of forms concurrently and over the technolog-
ical life cycle.

While biotechnology firms rely on alliances and other formal and con-
tractual partnerships early in the technological life cycle, software firms
are more likely to engage in downstream partnerships for expertise in
specific businesses to aid commercialization. One reason may be that the
biotechnology industry in India is at an earlier stage of development than
the relatively more mature software industry.

In summary, at each stage, most firms followed a similar experimental
process that culminated in step changes in strategy, rules, and organiza-
tion. Each stage was also accompanied by a reconfiguration of the envi-
ronment resulting from changes in government policy with respect to
privatization and the ownership rights of foreign MNCs. By industrializ-
ing knowledge production, Indian firms established their role as suppliers
of knowledge-based services and components to foreign MNCs and con-
tributed to defining their niche in globally distributed innovation chains.14

Attempts by Indian firms to differentiate themselves in the global economy
also led to increased specialization and the creation of a new location of
knowledge production. Their participation in global innovation and that
of MNCs seeking to take advantage of India as a new market and as a
source of knowledge resources, as evidenced by business press reports in
the United States indicates that Indian firms are on the threshold of global
expansion.

EXCEPTIONS TO THE PATTERN

Although this framework is developed from close examination of a small
number of firms, the data are obtained from ‘focal’ firms in various man-
ufacturing industries (ten firms) and two knowledge-intensive industries
(18 organizations).15 Two exceptions to the pattern were found: Bearings
and a multinational pharmaceutical firm with operations in India.
However, both firms altered their strategies and behavior in accordance
with the framework presented here. In the case of Bearings, when adjust-
ments were made in 1993–94 to create a local community of practice in
India, the firm began to experience rapid improvements in productivity
and quality. The Indian subsidiary of the pharmaceutical MNC (which
had been operating in India since the 1950s) was being aligned with
global manufacturing operations in 2003. R&D was not a major focus of
the Indian subsidiary until later, although a center for clinical trials was
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established in Bangalore and R&D operations outside Mumbai to cater
to unmet medical needs and exploit local commercial opportunities.
However, the entry of other multinationals in India and the availability of
resources for R&D in India helped shift the strategy to introducing drugs
suitable for the local market and researching and testing new drugs for dis-
eases prevalent in developing countries.

IMPLICATIONS FOR DEVELOPMENT

These findings have implications for the development of emerging economies.
The wider diffusion of standards and best practices, adoption of ICTs in
every industry, and development of technological and entrepreneurial skills
in new industries suggests that development can be jump-started by investing
in building capabilities in sunrise industries as noted by Nelson and Pack
(1999). These capabilities trigger a virtuous cycle of learning, innovation,
expansion, and cultural transformation (Arthur, 1989; Murphy et al., 1989;
Stiglitz, 2004) in emerging economies.

As evidenced by the evolution of Indian firms these capabilities are not
built in a vacuum, but in the context of learning via technology acquisition.
Hence, establishing rules to stimulate investment in new technology and
learning can help initiate development. This research also suggests that
change can be implemented successfully by adopting modes of organiza-
tion to match new technology at each stage of evolution, enabling firms to
reallocate and use resources more effectively. Reorganization is especially
critical in emerging economies with scarce resources and skills. The
challenge of matching multinational competitors spurred a widespread
response among Indian firms to improve quality by benchmarking global
leaders. Likewise, incentives to do so must be in place in developing coun-
tries to overcome the liability of a perception of low quality.

ALTERNATIVE EXPLANATIONS

While many explanations for international expansion exist, these are
generally derived from studies of the expansion of US or European multi-
national enterprises; few researchers have focused on the international-
ization of firms in developing countries. These explanations for the
existence and emergence of MNCs include market power (Hymer [1960]
1976), oligopolistic rivalry (Knickerbocker, 1973), the product life cycle of
technological innovation (Vernon [1966] 1979), internalization of markets
across borders as a result of failure in the market for knowledge (Buckley
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and Casson, 1976; Casson, 1997), or the need to replicate social commu-
nities for knowledge transfer (Kogut and Zander, 1993). These explana-
tions emphasize that hierarchies are the mechanism of choice for overseas
expansion since the chief aim is to transmit and exploit proprietary
knowledge developed in industrialized countries. While Vernon’s ([1966]
1979) revised work on the technological life cycle does suggest that inno-
vations can originate in developing countries, as does Cantwell (1989) in
his evolutionary theory of the multinational, this idea is not explored in
depth. In addition, the dynamics of how new firms emerge from develop-
ing countries and the processes by which they expand internationally in
the face of competition from incumbent global multinationals are not
well understood.

Moreover, the logic explaining the internationalization of US and
European firms is not necessarily the same as that for firms from develop-
ing countries. The reason for this is that historical circumstances were
different; earlier perspectives on internationalization were developed
during a time when MNCs from industrialized countries were dominant
players in oligopolistic international markets. Also, past theories did not
take into account how uncertainty and new information technologies that
simplify codification enable international expansion via the adoption of a
new strategy and structure – ROH strategy and H-form organization.

However, evidence from the experience of other developing countries
suggests support for the perspective developed in this book by situating the
phenomenon under observation in India in a wider context.16 For example,
there are similarities with the emergence and global expansion of Korean
firms. Like leading Korean firms, Indian firms emphasized capability-
building and knowledge diffusion within the organization and the indus-
trial community. Korean companies also evolved new capabilities by
mastering ‘old economy’ industries such as steel and textiles before ventur-
ing into new industrial sectors (Enos and Park, 1988). This framework is
also corroborated by the success of specific industries such as the aircraft
industry in Brazil. Aircraft manufacturing capabilities were evolved using
similar methods by EMBRAER (Empresa Braziliera de Aeronáutica, SA),
founded in 1960 in Brazil, and now a leading manufacturer of commercial
and defense aircraft (Nelson, 1993). Similar evolutionary processes under-
lie the early history of industrialized countries like Britain and the United
States (Licht, 1995). The early history of Japanese industrial evolution sug-
gests that capabilities evolved similarly from manufacturing to innovation
in the automobile industry (see Pascale, 1984 for details on the evolution of
Honda; Nelson, 1960; 1993).

Other research on Japanese and Korean multinationals that rose to chal-
lenge US multinationals earlier (Dore, 1973; Mansfield, 1988; Dore and
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Sako, 1989; Aoki, 1990) suggests that capability-building is a key strategy in
the rise of firms from a new location and that firms’ progression towards
internationalization occurs in a step-wise, non-linear fashion. Examples
include capability development in manufacturing steel in Korea; some
aspects of POSCO’s (Pohang Iron and Steel Co.) evolution from a govern-
ment-initiated domestic enterprise to a private global corporation are rem-
iniscent of development of the steel industry in India (Lall, 1987; Enos and
Park, 1988; Nelson, 1993) including the pursuit of global aspirations
(Ungson, Steers, and Park, 1997). In documenting the Spanish experience,
Guillen (2003) emphasizes the support of local institutions and indicates a
similar process of capability-building. At the level of the firm, this frame-
work is supported by evidence that balancing vertical integration and strate-
gic outsourcing improves firm performance and product success
(Rothearmel, Hitt, and Jobe, 2006) while Metiu’s (2006) study of distributed
teams in India and the United States indicates the possibility of originating
innovation from India.

Yet, while the Indian experience is similar to Korea’s or Brazil’s in terms
of capability-building, it is unique in terms of the sheer size of the Indian
economy and its potential impact on the world economy. Also, Korea
began its modernization efforts earlier, in a different historical context. In
contrast, India continued to pursue import substitution until the 1980s.
Consequently, Indian firms were largely oriented toward the domestic
economy and began to focus externally only when the Indian market was
opened to foreign competition.

A comparison with the Chinese experience reveals sectoral differences in
each country’s trajectory of capability-building suggesting that strong
capabilities can emerge in different sectors and that there are several paths
to internationalization. China differs in its emphasis on manufacturing
prowess, export-led growth, and resulting trade surplus with the United
States of US$13 billion (NY Times, 13 June 2006). Yet, it is similar with
regard to aspirations for global expansion as recent attempts by Chinese
organizations to acquire US businesses suggest.

Differences in the globalization trajectory of Indian firms stem from
context: the rise of Indian firms coincided with that of the internet, a dis-
ruptive technology that created the potential for new forms of organiza-
tion to emerge. It was also a consequence of earlier investments in
building skills. This study provides preliminary evidence that informa-
tion and communication technologies allowed new Indian players to par-
ticipate in worldwide markets. Moreover, the concurrent use of various
organizational forms such as alliances, hierarchies, and other informal
mechanisms to speed the acquisition of knowledge and capability-
building in India suggests that the expansion of the firm across borders
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need not be a consequence of failure in the market for knowledge. Rather,
it can be viewed as a result of deliberate experimentation by firms to
acquire capabilities and participate as members of an international
community.

LIMITATIONS

The framework developed in this book attempts to capture a complex phe-
nomenon that is, as yet, at an early stage and requires further exploration.
The question remains as whether a similar expansion process would be
stimulated in the absence of uncertainty. A second limitation is that
because the focus was on the dynamics of international expansion at the
level of the firm and industry, macro factors such as exchange rate changes,
foreign direct investment (FDI) flows, national culture, and institutions
were not examined.17 This book presents a potential strategy and coordi-
nation mechanisms that might be explored. While these appear to be delib-
erate, the evidence from the current study is not conclusive, and needs to be
tested more formally using other methods such as simulation (Davis et al.,
2007) and large sample longitudinal studies. Our study also suggests that
the adoption of ICTs and global standards is correlated with the adoption
of real options heuristics strategy and heteromorphic organizational form.
Further investigation is needed to determine whether and to what extent
these variables can vary independently.

CONCLUSION

This study of the globalization of Indian firms focuses attention on
processes and highlights the importance of aspirations in building new
capabilities and complex organizations. It also suggests that innovation is
a consequence of adaptation and adjustment: even when firms engage in
imitation, an altered context dictates interpreting knowledge differently
and adjustments to suit the new environment. Learning occurs at each
stage; increased interaction with foreign firms accelerates learning and
results in changes in structure, cognition, and behavior. Indian firms expe-
rience an identity shift aligning them with their overseas partners. A con-
clusion is that meta-change requires mastery of the identity-shifting
process.

Although lack of financial and other resources are important con-
straints in determining the trajectory of expansion in emerging economies,
it is access to knowledge and capabilities that plays a decisive role in
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determining the growth and international expansion of firms in emerging
economies. Therefore, while reinforcing the idea that differing initial
conditions are likely to influence the trajectories of firms originating in
different countries, this examination of international expansion also
emphasizes that imitation leads to similarity in aspirations and motivations
and a desire to gain recognition as valued members of a global community.
The notion that cognitive collocation can be substituted for geographic col-
location in certain instances, especially in knowledge-intensive industries,
suggests that the debate about convergence is moot, at least in sectors where
countries have strong capabilities. Moreover, cross-border interactions
between firms in different geographic locations require alterations in strat-
egy for all participants, suggesting a shift in focus to co-evolution within
networks of relationships.

Also, given that firms use a variety of organizational mechanisms for
international expansion and that cross-border partnerships are used even
for knowledge production and innovation, the boundaries of firms and
nations are not necessarily impermeable (Kogut, 1991).

The adoption of market-based values and orientations particularly in
the domain of knowledge, is not without problems. While the euphoria
generated by entrepreneurial success hastens the diffusion of attitudes asso-
ciated with industrialized production, it risks the loss of diversity in orien-
tations and values associated with craft-based production. Industrialized
production has been argued to hasten deskilling through the codification
of tacit knowledge and displace ‘craft-based’ methods of knowledge pro-
duction even in industrialized nations.18 The irony is that codifying tacit
knowledge diffuses expertise and renders the expert unnecessary. Similarly,
embedding experts’ knowledge into computerized systems to make knowl-
edge production more efficient reduces the need to rely on individual
experts. Such transformations and displacements highlight issues of power
and control embedded in systems of production.19

An implication is that it is important to ease the transition from craft to
industrialized systems by providing training for those undergoing dis-
placement. Likewise, knowledge workers must take responsibility for con-
tinually enhancing their own skills and capabilities.

Ownership issues are also surfaced when knowledge production is indus-
trialized. The ability to codify and transform knowledge into tradable intel-
lectual property has significant implications. In such a situation, knowledge
workers like software engineers, biologists, or experts with the requisite spe-
cialized skills, are the new ‘princes’. In contrast, participation in the benefits
of globalization may be increasingly difficult for marginalized individuals
and groups. Lack of participation by such groups may be detrimental as
traditional knowledge embedded in ‘craft-based’ systems that are not
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industrialized is endangered. In addition, over-emphasis on ‘marketable’
capabilities may create a short-term orientation, resulting in the neglect of
future capabilities. At risk also is the sustainability of rapid industrializa-
tion as entrepreneurial aspirations are unleashed. The acceptance of a
unitary mode of participation that creates distinct winners and losers is
also problematic. These implications emphasize the need for building
capabilities and managing aspirations of those unable to participate in
knowledge work.

Industrializing knowledge production substitutes the ‘market’ for the
‘bazaar’ in the domain of knowledge, changes the norms and rules of inter-
action from those of a ‘community’ to those of a ‘market’,20 and consti-
tutes a profound shift in orientation from status to contract (Lewis, 1970).
It also surfaces issues such as increased private sector participation in
knowledge creation and appropriation via patenting, thus accelerating the
privatization of knowledge that was previously in the public domain.
Consequently, policies must be formulated to maintain an intellectual
commons for future generations. Continued government funding of basic
research and participation by knowledge workers in ‘open innovation’ can
ensure that contributions of knowledge to the public domain are main-
tained. Another difficulty highlighted by the success of industrialized
knowledge work in specific industries is the potential neglect of others to
the detriment of the entire ecology.

Finally, this research also suggests that the boundaries between firms
and markets are not fixed but negotiated in inter-firm interactions. As new
forms of participation evolve via different modes of organization and a
different division of labor, new norms, values, and identities are also likely
to emerge, suggesting that the moral basis of human functioning is
embedded in our capacity for social and organizational innovation
(Durkheim [1933] 1984). Moreover, greater integration of emerging
economies with the global economy also calls for the development of
appropriate social architectures to facilitate the emergence of a ‘global
civilization’ through dynamic syncretism of diverse values and ideologies
(Permutter, 1991).

FUTURE DIRECTIONS

The emergence of the Indian multinational is a phenomenon that has
only recently gained visibility and needs to be studied further. Future
research could examine the impact of the Indian multinational on global
competition, outward flows of FDI (foreign direct investment) from
India, and cross-border merger and acquisition activity by Indian firms.
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Heightened competition, particularly in mature industries, is likely to
lead to greater merger and acquisition activity as India becomes an
increasingly important location. As we have seen, although the global-
ization of Indian firms is at a nascent stage, expansion strategies have
already begun to include mergers and acquisitions. Consequently, both
inward and outward foreign direct investment (FDI) flows are likely to
rise (see Figure 7.2 and Tables 7.1–7.5 for details on outward FDI flows,
merger and acquisition activity, and the most attractive global business
locations).

The entry of multinationals, while creating opportunities for employ-
ment in new industries has led to concomitant changes in local mores and
the social environment. Cultural change, while notoriously difficult, has
been initiated as a by-product of adopting work practices of global orga-
nizations; thus, new norms of individualism and achievement common
in the United States are more prevalent, particularly in urban areas.
Consequently, it would be fruitful to study the expansion and develop-
ment trajectory of US, European, Japanese, Korean, and other multina-
tionals in India and examine the impact of their interactions with Indian
firms on innovation, entrepreneurship, sociocultural and institutional
change.
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Note: Data for total FDI flows abroad from 2000 include equity, intra-company loans,
and reinvested earnings. Data before 1994 are not available.

Source: UNCTAD (www.unctad.org/fdistatistics), based on Reserve Bank of India.

Figure 7.2 Outward foreign direct investment from India (1994–2003)

U
S

$ 
m

ill
io

ns
1400

1200

1000

800

600

400

200

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
0

Equity Reinvested earnings Other capital



157

T
ab

le
 7

.1
G

eo
gr

ap
hi

ca
l d

is
tr

ib
ut

io
n 

of
ap

pr
ov

ed
 I

nd
ia

n 
ou

tw
ar

d 
F

D
I 

fl
ow

s,
fi

sc
al

 y
ea

rs
 1

99
6–

20
03

 (
m

ill
io

ns
 o

f
do

lla
rs

;
pe

rc
en

ta
ge

)

F
is

ca
l y

ea
r

To
ta

l

E
co

no
m

y
19

96
–2

00
0

20
00

–0
1

20
01

–0
2

20
02

–0
3

20
03

–0
4*

F
Y

 1
99

6–
03

Sh
ar

e

U
ni

te
d 

St
at

es
37

8.
5

73
4.

2
42

8.
1

18
5.

3
13

8.
7

18
64

.8
18

.8
R

us
si

an
 F

ed
er

at
io

n
3.

3
3.

5
17

41
.9

0.
2

..
17

48
.8

17
.6

M
au

ri
ti

us
22

1.
6

24
2.

3
15

4.
5

13
3.

4
16

0.
9

91
2.

6
9.

2
Su

da
n

..
..

..
75

0.
0

16
2.

0
91

2.
0

9.
2

B
ri

ti
sh

 V
ir

gi
n 

Is
la

nd
s

75
2.

1
18

.0
6.

4
3.

3
2.

2
78

2.
0

7.
9

U
ni

te
d 

K
in

gd
om

26
9.

8
55

.3
85

.5
34

.5
98

.1
54

3.
2

5.
5

H
on

g 
K

on
g,

C
hi

na
39

1.
4

37
.6

16
.1

14
.8

13
.1

47
3.

1
4.

8
B

er
m

ud
a

15
6.

9
0.

7
75

.0
29

.0
14

.7
27

6.
3

2.
8

V
ie

tn
am

0.
4

0.
2

22
8.

2
0.

1
0.

0
22

8.
9

2.
3

Si
ng

ap
or

e
88

.5
39

.4
25

.0
46

.8
13

.5
21

3.
2

2.
1

O
m

an
13

9.
8

64
.9

0.
2

0.
4

1.
5

20
6.

7
2.

1
N

et
he

rl
an

ds
49

.1
65

.7
43

.1
15

.9
29

.9
20

3.
7

2.
1

U
ni

te
d 

A
ra

b 
E

m
ir

at
es

87
.2

11
.3

11
.8

12
.6

29
.5

15
2.

3
1.

5
A

us
tr

al
ia

2.
6

2.
5

1.
9

95
.0

41
.3

14
3.

3
1.

4
Ir

an
59

.2
..

..
43

.6
0.

1
10

2.
9

1.
0

C
hi

na
17

.1
7.

9
13

.3
29

.6
19

.8
87

.7
0.

9
K

az
ak

hs
ta

n
3.

2
..

1.
3

0.
1

75
.0

79
.5

0.
8

N
ep

al
45

.5
10

.9
10

.6
5.

7
5.

1
77

.8
0.

8
A

us
tr

ia
26

.3
0.

5
50

.9
..

..
77

.6
0.

8
Sr

i L
an

ka
51

.8
8.

4
1.

4
6.

6
6.

0
74

.2
0.

7
M

al
ta

..
..

21
.7

24
.4

21
.0

67
.0

0.
7

Ir
el

an
d

31
.8

0.
2

11
.4

..
0.

0
43

.5
0.

4



158

T
ab

le
 7

.1
(c

on
ti

nu
ed

)

F
is

ca
l y

ea
r

To
ta

l

E
co

no
m

y
19

96
–2

00
0

20
00

–0
1

20
01

–0
2

20
02

–0
3

20
03

–0
4*

F
Y

 1
99

6–
03

Sh
ar

e

It
al

y
11

.7
30

.5
0.

0
0.

1
0.

0
42

.3
0.

4
M

al
ay

si
a

33
.1

4.
8

1.
4

0.
8

1.
4

41
.5

0.
4

T
ha

ila
nd

22
.1

0.
4

2.
6

7.
7

7.
3

40
.2

0.
4

In
do

ne
si

a
7.

8
..

12
.4

0.
1

19
.3

39
.6

0.
4

M
or

oc
co

32
.5

..
..

..
..

32
.5

0.
3

L
ib

ya
..

..
30

.0
..

..
30

.0
0.

3
O

th
er

s
25

5.
7

42
.9

52
.4

32
.5

45
.7

42
8.

5
4.

3

In
ve

st
m

en
t 

in
 a

ll 
co

un
tr

ie
s

31
38

.9
13

82
.2

30
27

.0
14

72
.2

90
6.

1
99

25
.6

10
0.

0

M
em

or
an

du
m

:
D

ev
el

op
ed

 c
ou

nt
ri

es
80

9.
0

91
3.

3
65

1.
5

36
7.

6
34

6.
2

30
86

.9
31

.1
D

ev
el

op
in

g 
C

ou
nt

ri
es

23
29

.9
46

8.
8

23
75

.5
11

04
.6

56
0.

0
68

38
.7

68
.9

N
ot

e:
D

at
a 

co
ns

is
ts

 o
f

eq
ui

ty
,l

oa
n,

an
d 

gu
ar

an
te

e.

S
ou

rc
e:

U
N

C
T

A
D

 (
w

w
w

.u
nc

ta
d.

or
d/

fd
st

at
is

ti
cs

),
ba

se
d 

on
 M

in
is

tr
y 

of
F

in
an

ce
,I

nd
ia

.
*

C
ov

er
s 

A
pr

il–
D

ec
em

be
r 

20
03

.



159

T
ab

le
 7

.2
In

du
st

ry
 d

is
tr

ib
ut

io
n 

of
cr

os
s-

bo
rd

er
 M

&
A

 p
ur

ch
as

es
 b

y 
In

di
an

 c
om

pa
ni

es
 1

99
6–

20
03

 (
nu

m
be

r 
of

de
al

s)

Se
ct

or
/I

nd
us

tr
y

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

19
96

–1
99

9
20

00
–2

00
3

To
ta

l i
nd

us
tr

y
8

13
13

26
55

35
35

57
60

18
2

P
ri

m
ar

y
0

1
0

2
0

0
1

2
3

3
Se

co
nd

ar
y

6
5

7
17

22
14

15
30

35
81

of
w

hi
ch

:
F

oo
d,

be
ve

ra
ge

s,
an

d 
to

ba
cc

o
1

0
1

0
2

3
1

3
2

9
T

ex
ti

le
,c

lo
th

in
g,

an
d 

le
at

he
r

0
0

0
2

0
0

1
0

2
1

P
ri

nt
in

g,
pu

bl
is

hi
ng

,a
nd

 a
lli

ed
 s

er
vi

ce
s

0
0

0
0

0
0

1
0

0
1

O
il 

an
d 

ga
s;

pe
tr

ol
eu

m
 r

efi
ni

ng
0

0
0

1
0

3
1

3
1

7
C

he
m

ic
al

s 
an

d 
ch

em
ic

al
 p

ro
du

ct
s

4
3

6
5

15
3

7
11

18
36

R
ub

be
r 

an
d 

m
is

ce
lla

ne
ou

s 
pl

as
ti

c 
pr

od
uc

ts
0

0
0

0
1

0
0

0
0

1
St

on
e,

cl
ay

,g
la

ss
,a

nd
 c

on
cr

et
e 

pr
od

uc
ts

0
0

0
1

0
1

0
1

1
2

M
et

al
 a

nd
 m

et
al

 p
ro

du
ct

s
0

1
0

0
1

2
0

4
1

7
M

ac
hi

ne
ry

0
0

0
0

0
0

3
2

0
5

E
le

ct
ri

ca
l a

nd
 e

le
ct

ro
ni

c 
eq

ui
pm

en
t

1
1

0
6

2
2

0
5

8
9

M
ot

or
 v

eh
ic

le
s 

an
d 

ot
he

r 
tr

an
sp

or
t 

eq
ui

pm
en

t
0

0
0

1
0

0
1

1
1

2
M

ea
su

ri
ng

,m
ed

ic
al

,p
ho

to
 e

qu
ip

m
en

t,
cl

oc
ks

0
0

0
1

1
0

0
0

1
1

Se
rv

ic
es

2
7

6
7

33
21

19
25

22
98

of
w

hi
ch

:
E

le
ct

ri
c,

ga
s,

an
d 

w
at

er
 d

is
tr

ib
ut

io
n

0
0

0
2

0
1

0
0

2
1

C
on

st
ru

ct
io

n 
fi

rm
s

0
0

1
0

1
0

0
0

1
1

T
ra

de
0

0
1

0
2

1
0

0
1

3
T

ra
ns

po
rt

,s
to

ra
ge

,a
nd

 c
om

m
un

ic
at

io
ns

0
1

1
1

1
0

3
3

3
7

F
in

an
ce

1
1

1
2

9
3

5
3

5
20

B
us

in
es

s 
ac

ti
vi

ti
es

1
5

2
2

20
16

11
19

10
66



160

T
ab

le
 7

.2
(c

on
ti

nu
ed

)

Se
ct

or
/I

nd
us

tr
y

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

19
96

–1
99

9
20

00
–2

00
3

of
w

hi
ch

:
P

re
pa

ck
ag

ed
 s

of
tw

ar
e

0
0

0
1

10
4

1
9

1
24

R
ea

l e
st

at
e 

m
or

tg
ag

e 
ba

nk
er

s,
an

d 
br

ok
er

s
0

0
0

1
0

0
0

0
1

0
B

us
in

es
s 

se
rv

ic
es

1
4

2
0

8
12

10
10

7
40

A
dv

er
ti

si
ng

 s
er

vi
ce

s
0

1
0

0
2

0
0

0
1

2

S
ou

rc
e:

U
N

C
T

A
D

,c
ro

ss
-b

or
de

r 
M

&
A

 d
at

ab
as

e.



161

T
ab

le
 7

.3
G

eo
gr

ap
hi

ca
l d

is
tr

ib
ut

io
n 

of
cr

os
s-

bo
rd

er
 M

&
A

 p
ur

ch
as

es
 b

y 
In

di
an

 c
om

pa
ni

es
 1

99
6–

20
03

 (
nu

m
be

r 
of

de
al

s)

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

19
96

–9
9

20
00

–0
3

T
O

T
A

L
 W

O
R

L
D

8
13

13
26

55
35

35
57

60
18

2
D

ev
el

op
ed

 e
co

no
m

y
3

7
3

8
24

16
18

22
21

80
W

es
te

rn
 E

ur
op

e
2

3
2

3
6

4
11

10
10

31
E

ur
op

ea
n 

U
ni

on
2

3
2

3
6

4
11

10
10

31
D

en
m

ar
k

–
–

1
–

–
–

–
–

1
–

F
ra

nc
e

–
–

–
–

–
–

–
1

–
1

G
er

m
an

y
–

–
–

–
2

2
2

1
–

7
Ir

el
an

d
1

–
–

–
–

–
–

–
1

–
It

al
y

–
–

–
2

–
–

–
1

2
1

Po
rt

ug
al

–
–

–
–

–
–

1
–

–
1

U
ni

te
d 

K
in

gd
om

1
3

1
1

4
2

8
7

6
21

N
or

th
 A

m
er

ic
a

–
1

1
4

15
11

7
10

6
43

U
ni

te
d 

St
at

es
–

1
1

4
15

11
7

10
6

43
O

th
er

 D
ev

el
op

ed
 C

ou
nt

ri
es

1
3

–
1

3
1

–
2

5
6

A
us

tr
al

ia
1

2
–

–
3

1
–

2
3

6
N

ew
 Z

ea
la

nd
–

1
–

–
–

–
–

–
1

–
So

ut
h 

A
fr

ic
a

–
–

–
1

–
–

–
–

1
–

D
ev

el
op

in
g 

ec
on

om
y

5
6

10
18

29
18

15
35

39
97

A
fr

ic
a

–
1

1
–

–
–

–
1

2
1

Su
da

n
–

–
–

–
–

–
–

1
–

1
Z

am
bi

a
–

1
1

–
–

–
–

–
2

–
L

at
in

 A
m

er
ic

a 
an

d 
th

e 
C

ar
ib

be
an

–
1

–
–

1
–

–
1

1
2

B
er

m
ud

a
–

1
–

–
–

–
–

1
1

1
C

ay
m

an
 I

sl
an

ds
–

–
–

–
1

–
–

–
–

1
A

si
a

5
4

9
18

28
18

15
31

36
92



162

T
ab

le
 7

.3
(c

on
ti

nu
ed

)

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

19
96

–9
9

20
00

–0
3

W
es

t A
si

a
–

–
–

1
–

2
–

2
1

4
O

m
an

–
–

–
1

–
–

–
1

1
1

U
ni

te
d 

A
ra

b 
E

m
ir

at
es

–
–

–
–

–
2

–
1

–
3

S
ou

th
,E

as
t,

an
d 

S
ou

th
ea

st
 A

si
a

5
4

9
17

28
16

15
29

35
88

C
hi

na
–

–
–

–
–

–
–

2
–

2
H

on
g 

K
on

g,
C

hi
na

–
–

–
–

1
–

–
–

–
1

In
di

aa
5

4
8

11
23

14
13

21
28

71
In

do
ne

si
a

–
–

–
–

2
–

–
–

–
2

M
al

ay
si

a
–

–
1

–
–

1
–

1
1

2
M

ya
nm

ar
–

–
–

–
–

–
1

–
–

1
N

ep
al

–
–

–
–

1
–

–
–

–
1

P
hi

lip
pi

ne
s

–
–

–
–

–
–

–
1

–
1

R
ep

ub
lic

 o
f

K
or

ea
–

–
–

–
–

–
–

1
–

1
Si

ng
ap

or
e

–
–

–
3

1
1

1
1

3
4

Sr
i L

an
ka

–
–

–
3

–
–

–
2

3
2

T
he

 P
ac

ifi
c

–
–

–
–

–
–

–
2

–
2

F
iji

–
–

–
–

–
–

–
2

–
2

C
en

tr
al

 a
nd

 E
as

te
rn

 E
ur

op
e

–
–

–
–

2
1

2
–

–
5

C
ze

ch
 R

ep
ub

lic
–

–
–

–
–

–
1

–
–

1
H

un
ga

ry
–

–
–

–
1

–
–

–
–

1
Po

la
nd

–
–

–
–

–
–

1
–

–
1

R
om

an
ia

–
–

–
–

1
–

–
–

–
1

R
us

si
an

 F
ed

er
at

io
n

–
–

–
–

–
1

–
–

–
1

N
ot

e:
a

R
ef

er
s 

to
 fo

re
ig

n 
affi

lia
te

s 
in

 I
nd

ia
.

S
ou

rc
e:

U
N

C
T

A
D

,c
ro

ss
-b

or
de

r 
M

&
A

 d
at

ab
as

e.



NOTES

1. While Hamel and Prahalad (1989) and Prahalad and Hamel (1990) had earlier noted
the importance of stretch targets, they did not discuss the dynamics of international
expansion.

From paupers to princes 163

Table 7.4 Representative acquisitions by Indian firms (post-2000; US$)

Company Deal Value (US $ millions)

Tata Steel–Corus 12,100.0
Hindalco–Novelis 6,000.0
Ranbaxy–Merck Generics 6,000.0
Suzlon Energy–REPower 1,200.0
ONGC–Greater Nile Oil Project 766.1
Dr Reddy’s–Betapharm Arzneimittel GmbH 570.0
VSNL–Teleglobe International Holdings 254.3
Tata–Tetley Tea 431.0
Taj–Ritz-Carlton Boston 170.0
Tata Nat Steel–Vietnam Inc. 41.0

Source: Indiapost.com, 3 April 2007.

Table 7.5 Most attractive global business locations: responses of experts
and transnational corporations (TNCs)

Responses from Experts Responses from TNCsa

Country % Country %

1. China 85 1. China 87
2. United States 55 2. India 51
3. India 42 3. United States 51
4. Brazil 24 4. Russian Federation 33
5. Russian Federation 21 5. Brazil 20
6. United Kingdom 21 6. Mexico 16
7. Germany 12 7. Germany 13
8. Poland 9 8. United Kingdom 13
9. Singapore 9 9. Thailand 11

10. Ukraine 9 10. Canada 7

Note: a Countries are ranked according to the number of responses that rated each as the
most attractive location.

Source: UNCTAD (www.unctad.org/fdiprospects), World Investment Report 2005.



2. Pragmatism is used in the sense of Dewey (1988) and others, not in the sense of encour-
aging relativism. The emphasis on practice does not deny the existence of ideals or an
absolute ethics; Rorty (1961) notes that although pragmatists like Pierce emphasize prac-
tice rather than idealized conceptions, they do so because they wish to avoid resorting to
a mechanistic understanding of things by taking the context into account. In the case of
language, Pierce’s view is similar to that of the later Wittgenstein who argued that all
forms of reductionism generate infinite regress.

3. The term ‘interaction ritual’ is taken from the title of Goffman’s (1967) book.
4. This change in power relations occurs as noted earlier by Simmel (1896) in his seminal

work on superordinate–subordinate reciprocal relations, which change based on changes
in number, structural changes, and position in the order of relations. Similarly, research
on networks suggests that acquiring greater resources requires a large number of non-
overlapping linkages such as that achieved by plugging structural holes (Burt, 1992). The
manipulation of structure is also a focus of theorists in the structure–conduct–perfor-
mance paradigm (Porter [1980] 1998) and game theorists (Brandenburger and Nalebuff,
1996).

5. The firm is referred to as the player in the game of innovation.
6. Rivkin (2000) applies a complex systems approach to strategy and examines the link

between complexity and imitability of strategic decisions.
7. Earlier DiMaggio and Powell (1983) noted that firms often resemble each other because of

imitation resulting from normative, coercive, or mimetic isomorphism; likewise, Winter and
Szulanski (2001) observed that firms may use replication as strategy. Besides concurring
with the view that such imitation and replications occurs, this book emphasizes that imita-
tion is a multistage, dynamic process that takes into account the context of the environment
and other lead players. It also highlights that complexity is incorporated into the system by
adopting new rules that may be quite simple. In a sense, firms discover the algorithm for
success in the game of international expansion and new rules are devised from observation.

8. This evolution is corroborated by the literature on growth via a ‘big push’ towards indus-
trialization (Young, 1928; Rosenstein-Rodan, 1943; 1944; Murphy et al., 1989) and
investment in increasing returns technologies (Romer, 1986; Arthur, 1989; Krugman,
1991). However, this literature does not focus on firm-level learning and capability devel-
opment specifically.

9. Permutter (1969) cautioned however, that developing a geocentric mindset is not easy
and requires commitment and resources.

10. The wholesale adoption of values and orientations associated with markets is not
without problems. See discussion later in chapter.

11. The popularity of Senge’s (1994) model of the learning organization was reflected in the
language of Steelworks’ managers and executives who used the label in speeches to
justify change and transformation.

12. Audretsch (1991) distinguishes between ‘entrepreneurial’ and ‘routinized’ regimes and
indicates that entrepreneurial regimes are favorable to innovative entry. In such a regime
information outside the company is more important than information inside the
company. Consequently, newly established firms have the innovative advantage over
incumbent firms. In contrast, in routinized regimes (Nelson and Winter, 1982), the accu-
mulated stock of non-transferable information is the product of experience within the
market that the firms outside of the industry cannot possess.

13. Geographical boundaries are less relevant only when shared conceptual maps exist
between boundary-crossing participants.

14. Participation in the global economy entails increasing specialization (Simmel, 1898) and
division of labor both within and across firms (Durkheim [1933] 1984) and the emer-
gence of new niches for Indian firms.

15. These included four multinational subsidiaries in the software and biotechnology indus-
tries. The data from these organizations are not reported here.

16. Foucalt (1980) uses this approach in his study of the penal policy in France and draws
on instances in other societies to corroborate his views. Similarly, I draw on theories
about firms in other countries to derive insights about the expansion of Indian firms.
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17. Many interviewees noted the importance of a good work ethic to sustain continuous
improvement and evoked the philosophy of ‘karma yoga’, the Indian equivalent of the
‘Protestant ethic’ (Weber, 1930) in describing their attitude to service and work. Some
organizations also sponsored training in yoga for employees; companies had long
focused on community-building to improve conditions for employees and were now able
to leverage these strengths when pursuing opportunities in other developing countries.

18. Braverman (1974).
19. Foucault (1980) notes that knowledge and power are intimately related; discourse is

transformed in, through, and on the basis of relations of power. The wider diffusion of
methods of industrial knowledge production is thus associated with the spatial and geo-
graphical dispersion of panoptism via new forms of power and control.

20. Geertz (1978) earlier noted the difference between the ‘bazaar’ and ‘market’ economies,
arguing that the bazaar economy focused on building long-term client relationships to
reduce information asymmetry.
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Appendix A A note on the Indian
steel, construction
equipment, and auto-
component industries

Before economic liberalization in 1991, the Indian government exercised
pervasive, continuous but variable controls on every aspect of industrial
activity. A policy of import substitution in the late 1950s led to a highly pro-
tected and inward-looking regime in which the private sector played a
limited role. This regime continued until the early 1980s. The focus of
policy was to foster indigenous technology, reduce the role of foreign own-
ership, limit foreign investment, and promote manufactured exports.
Exports were regarded as important to the extent that they could finance
products or inputs not manufactured in India. A policy of quantitative
restrictions on imports helped to protect products manufactured in India.
Imports of manufactured consumer goods were banned and intermediate
products and industrial spares were allowed to be imported when not avail-
able locally or for export production.

STEEL

The iron and steel industry, prized as a ‘basic’ industry by newly industrial-
izing countries for providing crucial input into all forms of industrial devel-
opment, is a mature, capital-intensive industry. Process technology for
manufacturing basic steel is well diffused and can be readily imported on an
arm’s length basis in the form of engineering services and equipment (Lall,
1987). While the technology of iron and steel manufacture are embodied in
capital equipment, the nature of the process necessitates complex engineer-
ing. The process of iron and steel manufacture is semi-continuous with
different levels of production, raw material preparation, iron smelting, steel-
making, and the manufacture of finished or semi-finished steels. Different
technologies requiring specific skills are used at each stage. Overall produc-
tivity depends on the supply of raw materials of the right quality, capacity-
matching, scheduling material flows, de-bottlenecking and full utilization of
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installed capacities, requiring ‘tacit’ technical skills in process coordination,
control, and productivity. Large equipment requires constant maintenance
and can be significantly improved by ‘minor’ innovation (Lall, 1987).

The pace of technological progress in the industry is slow, with decades
passing between large jumps in technology in the three major stages of
iron-steel production: iron smelting, steelmaking, and processing of liquid
steel. Blast furnace (BF) technology has not changed for decades although
technological improvements have been made to improve the quality of the
blast furnace ‘burden’ (material inputs) by raising the proportion of sinter,
or by palletizing the ore, use of instrumentation to improve control of BF
temperatures and reactions and so on. The introduction of the basic oxygen
process (BOP) in the early 1950s was a major jump in steelmaking tech-
nology that represented a major advance over the existing open hearth
(OH) process, which had, in turn replaced the Bessemer process. BOP has
half the energy costs of OH processes, a much shorter tapping time and
lower investment costs and has a minimum scale of over 1 million tonnes
per year. New technology for processing liquid steel is continuous casting
(CC), which combines the three stages of ingot casting, soaking pits and
blooming mills, thus increasing yields, improving quality, and lowering
investment and space requirements (Lall, 1987).

Indian steel production started under free market conditions; modern
iron production was launched at Kulti in 1874 but the first integrated steel
producer began production in 1912 with its own collieries and iron ore
mining. British interests started another integrated plant, which became
wholly Indian-owned by the 1960s and nationalized in 1973–74 after poor
performance led to mounting losses. Indian steel was fully competitive and
considerably cheaper than imported steels in the 1950s and 1960s. By the
1960s, import substitution had eliminated the threat of potential foreign
competition. Local prices were restrained by price controls and imports
were permitted only of special steels or of ordinary steel to make up for
shortfalls. Total steel output in India rose in the 1960s when the public
sector entered the industry with three integrated plants from 3.3 million to
6.23 million tonnes. By 1981–82 India was the sixteenth largest producer of
steel in the world, producing 1.3 million tonnes of pig iron and 8.8 million
tonnes of mild steel. There were six integrated iron and steel plants,
together accounting for 92 percent of pig iron and 81 percent of mild steel
production, one in the private sector, and the others grouped under a large
public sector firm (other secondary iron producers and mini steel plants
existed but are not discussed here; Lall, 1987).

However, the performance of the public sector integrated plants deteri-
orated after 1976. All public sector plants were turnkey plants gifted by
Russia, the United Kingdom, and West Germany with no indigenous
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design content. Initial technology transfers to the public sector plants were
problematic because of poor engineering, failure to take account of local
raw material characteristics (poor-quality coking coal with high ash
content and coke with poor caking qualities; iron ore that is difficult to
beneficiate), and because the technologies transferred were sometimes not
the best available at that time. Government controls kept prices down
despite the government’s large consumption of steel for infrastructure and
industrial uses. Low prices were complemented by a system of official allo-
cation and distribution to different users. Over time, the public sector plants
ran up huge losses. In contrast, the private sector firm consistently made
profits under the same system because of its own technological capabilities,
but at low levels that held back large-scale investments. Nevertheless, the
private sector company was unable to expand its capacity beyond 2 million
tonnes from 1959–83 as the Industrial Policy Resolution of 1984 reserved
all future steel capacity for the public sector; existing private producers were
permitted to continue as long as their performance was ‘satisfactory’ with
the threat of nationalization hovering in the background. Thus, modern-
ization was held back because of the threat of nationalization and because
price controls reduced profitability1 (Lall, 1987).

The private sector firm undertook partial modernization of its plant only
in 1983. In 1983, the firm employed about 60 000 people, ran its own town-
ship, and launched its first expansion after nearly 30 years. It had built up
a team of dedicated professional managers and technologists along with a
skilled and cohesive labor force. Equipment maintenance and project exe-
cution capabilities had been strengthened by vertical integration into
equipment manufacture although this capability could only be used in-
house in accordance with government licensing rules. Its maintenance shop
was expanded during the mid-1960s at a cost of US$5 million into a full-
blown equipment manufacturing facility with 120 designers (half were
engineers) to manufacture products at about 50 percent less than the cost
of imports, reducing reliance on imports during a growing foreign exchange
crisis. Similarly, process improvements were made over time in all areas of
operations and new steels developed through in-house R&D were regularly
introduced to replace imports. Industrial engineering capabilities were also
fostered in the process of continuously improving old plant and maintain-
ing high rates of capacity utilization and product upgrading. Personnel
needs were met through a comprehensively planned system that favored
hiring new graduates as recruits and providing further formal and on-the-
job training in-house. Promotion was mainly internal to retain skilled
people and loyalty (Lall, 1987).

Liberalization of India’s industrial policy led to increased modernization,
expansion, and establishment of new greenfield plants using state-of-the art
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technologies in the 1990s by existing and new players to meet global com-
petition (see Chapters 4 and 5 for details on how a leading firm built new
capabilities). By 2007, with an economic growth rate of 9.2 percent and
improvements in income, the steel industry experienced increased sales of
40.9 percent (for the first three months of 2007) in comparison with the
same period in 2006 (rising from INR367 465 million to INR517 040
million) while operating profit for the industry grew approximately 65
percent during the same period.

Steel is one of the top products in the manufacturing sector; steel pro-
duction has been reduced in the United States and Europe, to match
slowing demand. Nevertheless, global steel production is up 10.4 percent.
In fiscal year 2006, China was the largest producer of steel (421.5 million
tonnes or 34 percent of global production) followed by Western Europe
(199.5 million tonnes, 16 percent) and North America (132.6 million tonnes
or 10.7 percent).

Total crude steelmaking capacity is over 34 million tonnes in 2007. India
is the eighth largest producer of steel in the world and produces a variety
of grades meeting international quality standards. Global markets have
accepted Indian steel because Indian HR (hot rolled) products are classified
by ‘World Steel Dynamics’ as tier-2-quality products along with South
Korea and the United States, while the EU and Japanese products are cat-
egorized as tier-1.

Demand for steel is likely to continue to rise because of the rising
demand for automobiles, increased housing and construction activities
and boom in infrastructure. Of the steel produced, 60 percent is con-
sumed by the construction sector, 28 percent by the automobile sector, and
the rest (12 percent) by other industries. Investment in the steel industry
accounts for nearly 11 percent of India’s gross domestic product (GDP)
and nearly 50 percent of its gross capital formation. World steel industry
trends show an upward trend largely fuelled by demand in China. Although
the Chinese steel industry is expected to grow, China is not likely to be
the lowest-cost producer; hence prices are expected to rise in 2007.
Domestic production in India is expected to rise by 8 percent to 51.8 million
tonnes in 2007–08 (CMIE, 2007; Cygnus Business Consulting and
Research, 2007).

CONSTRUCTION EQUIPMENT

Construction and mining equipment cover a variety of machinery such as
hydraulic excavators, wheel-loaders, backhoe loaders, bulldozers, dump
trucks, tippers, graders, pavers, vibratory compactors, cranes, forklifts,
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drills, scrapers, motor graders, rope shovels, and so on. They perform func-
tions for mining and construction activity such as preparation of the
ground, excavation, material haulage, dumping, material handling, and
road construction. India has a few medium-sized and large companies in
the organized sector in this industry, as technology barriers restrict the
entry of small and medium enterprises. Before the 1960s, domestic require-
ments of mining and construction equipment were met through imports.
Domestic production began in 1964 with the establishment of a public
sector enterprise in South India to manufacture dozers, dumpers, graders,
scrapers, and so on for defense requirements with technical collaborations
with companies in the United States and Japan. From 1969 onwards, a few
private sector companies also began manufacturing hydraulic excavators
with technical assistance from Japan, the United Kingdom and the United
States. Multinational companies are the most recent entrants; however,
most of the technology leaders are present in India as joint venture com-
panies or have established their own manufacturing facilities or marketing
companies.

Public limited companies, including public sector units, comprise 71
percent of this sector and 29 percent are private limited firms. Most (75
percent) are involved in the activities ranging from design and engineering,
manufacturing, servicing, and commissioning. A few companies act as
selling agents for multinational players while others manufacture and
import complete equipment from companies abroad. The international
trend in the earthmoving and mining segment is one of consolidation; in
addition, some international companies are looking at using Indian oper-
ations to meet demand in South and Southeast Asia. The total market size
of three product groups (earthmoving machinery, construction machinery,
and cranes) amounts to INR42 320 million (Government of India, c. 2006).
Demand for construction equipment is linked economic growth (see Figure
A1) and investment in infrastructure (for example, projects such as the
Golden Quadrilateral highway project in 2002–03); the sector has experi-
enced double-digit growth in sales turnover for 2003–05 and 33 percent
growth in 2004. Domestic demand in 2004–05 was INR63 billion and
demand for 2005–06 was estimated at greater than INR70 billion. Exports
amounted to approximately INR2.8 billion in 2003–04 and INR3.3 billion
in 2004–05 (ibid).

Despite access to the latest technology through joint ventures and the
presence of manufacturing capabilities in India, the equipment manufac-
tured domestically does not use these technologies partly because of low
volumes, uncertain demand, and cost of the latest technology. Also as the
field study suggests, R&D spending by domestic firms is much lower than
spending by multinational firms (see Figure A2).
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Source: Government of India, Department of Heavy Industry.

Figure A1 Growth of the construction equipment industry correlated with
economic growth
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Figure A2 R&D (c. 2004–05) spending by domestic and international
companies in construction equipment and mining and the
capital goods sector
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AUTO-COMPONENTS

The automobile industry in India underwent a transformation in the 1990s.
At the beginning of the decade, production levels were modest (India pro-
duced about 209 000 cars) and multinational involvement was limited. A
link with Suzuki, forming the Maruti-Suzuki company (now Maruti
Udyog) helped in this transformation by capturing 70 percent of passenger
car sales by the early 1990s, dramatically reducing the market share of the
dominant Hindustan Motors whose ‘Ambassador’ model had been the
largest selling model for decades.

The Suzuki-Maruti plant, located outside Delhi, developed a network of
suppliers in the early 1990s. Some of these were joint ventures and others were
independent domestic firms. Suzuki worked with both types of suppliers to
establish international best practice and achieve quality and productivity.

From the 1990s onwards, a wave of multinational firms entered India;
they were required to achieve a high level of domestic content (usually 70
percent within three years). Achieving this target required switching from
reliance on imported components to sourcing from local vendors, giving
the automobile manufacturers a strong incentive to work with tier-1 sup-
pliers to meet quality standards at an acceptable price (Sutton, 2004). Car
production increased by the end of the decade by a factor of 2.5 (from
209 000 units in 1991 to 564 000 in 2001).2

During this period, the supply chain had also undergone tremendous
change. While multinational firms worked closely with suppliers, Indian
firms, facing intense competition for market share, responded by upgrad-
ing productivity and quality levels in their own plants and seeking higher
quality levels from their own suppliers.

By the end of the decade, eight firms accounted for almost all produc-
tion of passenger cars in India. Six of the eight were multinational firms,
accounting for 85 percent of units sold. The component supply chain devel-
oped rapidly during the same period with the value of component produc-
tion almost doubling from 1997–2001 (from US$2406 million to US$4203
million) and value of exports rising from US$299 million to US$555
million. Of the top ten Indian component exporters, six were multinational
joint ventures while three formed part of an Indian group. A well-devel-
oped supply chain is characterized by a couple of key components (such as
the cylinder head and cylinder block) being manufactured in-house while a
central group of key components, assemblies or sub-assemblies (for
example, the engine mounting, crankshaft, and transmission) may be out-
sourced or made in-house. Finally, a group of less central components
(such as pistons, exhaust system, and bumpers) are normally outsourced
(ibid.).
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The supply chain in the Indian auto-component industry developed
rapidly at the level of car makers and tier-1 suppliers (ibid.). However, best
practice techniques are permeating down to tier-2 suppliers more slowly and
unevenly. While development was driven by the presence of international car
manufacturers, component exports are driven equally by multinational and
domestic firms. Half of the top ten Indian firms are domestic firms and three
of these belong to a single domestic industrial group. Supply chain develop-
ment in the auto-component industry allows domestic car makers to out-
source more effectively and achieve cost reductions while maintaining quality
levels (see Tables A1 and A2 for details on world car production and quality
certification in auto-components). Leading component producers also use
highly capital-intensive techniques in these low-wage environments largely to
achieve high levels of quality control in the production process. Additionally,
Sutton (2004) notes that deployment of highly qualified individuals and
extensive provision of in-house training for shop-floor operations also helps
to achieve high quality standards necessary for export success.

The auto-component industry grew by 15 percent in 2006 to US$10
billion and exports rose by 29 percent to US$1.8 billion (SSKI, 2006; see
Figure A3). The Indian auto-component industry manufactures the entire
range of parts required by the domestic automobile industry and currently
employs about 250 000 people (Government of India, Department of
Heavy Industry, 2006, p. 18, 26).
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Table A1 Production of passenger cars in top 12 countries in 2004 (in units)

Rank Country Production Growth Rate (%)

1 Japan 8 720 385 3
2 Germany 5 192 101 1
3 USA 4 229 625 �6
4 France 3 227 416 0
5 Korea 3 122 600 13
6 Spain 2 399 374 0
7 China 2 316 262 15
8 Brazil 1 756 166 17
9 UK 1 646 881 �1

10 Canada 1 335 464 0
11 India 1 178 354 30
12 Russia 1 109 958 10

World Total 44 099 632 5.1

Source: ACMA (Automobile Component Manufacturers Association of India),
New Delhi, India.



Exports of leading auto-component companies were affected by the
slower than expected pace of outsourcing by global vendors and margins
were under pressure from higher input costs; nevertheless, the Indian auto-
component industry is expected to achieve US$40 billion in size by 2015
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Table A2 Quality certification and best practice in the auto-component
industry

Number of Certification Types of Modern Shop-floor 
Companies Practices Suppliers Adopted

456 ISO 9000 1 5-S, 7-W
248 TS 16949 2 Kaizen
136 QS 9000 3 TQM
129 ISO 14001 4 TPM
32 OHSAS 18001 5 Six sigma
9 Deming prize winners 6 Lean manufacturing
4 JIPM award winners
1 Japan Quality Medal winner

Note: Total ACMA member companies: 498.

Source: ACMA, (Automobile Component Manufacturers Association of India), New
Delhi, India.

Note: CAGR � Compound Annual Growth Rate.

Source: ACMA- McKinsey Report.

Figure A3 Growth of auto-component industry
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with the share of exports estimated at 50 percent (SSKI, 2006). Key export
markets include the United States and Europe together constituting 62
percent of total auto-component exports from India. Faced with competi-
tion domestically, leading auto-component vendors from the United States
and Europe are searching for suitable companies in low-cost locations like
India, China, and Thailand for outsourcing component requirements.
While Indian companies have achieved high quality, the scale of operations
is small. Of the top 120 auto-component companies, 75 percent have rev-
enues less than US$50 million, while revenues of only 15 percent of the
companies exceed US$100 million. Indian companies are currently
awarded global orders of less than US$50 million (ibid.).

NOTES

1. However, one major private sector firm was allowed to pursue metallurgical consultancy
to compete with one in the public sector. Heavy steel plant was reserved for the public
sector but ancillary and rolling mill equipment was left open to private firms.

2. During the financial year 2005–06, the Indian automobile industry produced more than
9.7 million vehicles amounting to almost USD 28 billion. India produces about 1300000
passenger vehicles, 400 000 commercial vehicles, 7600000 two-wheelers and about 300000
tractors per annum. India is the second largest market for two-wheelers in the world.
However, in value terms, the market for passenger cars and commercial vehicles is greater
than that for two-wheelers (Government of India, 2006, p. v, 7).
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Appendix B Indian software industry:
historical background

The diffusion of information technology (IT) into all other industrial and
service sectors makes it one of the most critical technologies affecting eco-
nomic growth in developing countries (World Bank, 1992). Failure to
introduce new information technologies is likely to result in inefficient
administrative and production methods. While IT includes both hardware
and software technologies, software is vital because other technologies
cannot function without it. Software is an important component of overall
value within information technologies and is becoming a pervasive tech-
nology embodied in a vast and diversified range of products and services
(Gaio, 1989).

The development of a local software industry is seen as a necessity for
developing countries to be able to adapt software technology to suit their
particular local needs. Software production is also seen as the best entry
point for developing countries into the IT production complex because of
lower entry barriers and capital intensity, greater labor intensity and a
lower rate of obsolescence (for some types of software) and fewer
economies of scale. Labor intensity of production offers an opportunity to
developing countries compared with other production processes. Thus,
developing countries’ production and use of software is becoming more
intense and India, China, Brazil, Mexico, Singapore, Hong Kong, Taiwan,
South Korea, and the Philippines all have software industries of note with
annual growth rates of 30 to 40 percent not being uncommon (Heeks,
1996).

Other interesting features of software include the fact that it is intangi-
ble, modifiable after initial production to create a new product, and with a
lack of any clear distinction between production tools and final product.
The production process is highly skills-intensive, while certain types of pro-
duction rely on labor mobility and a rapidly growing world market.

India has one of the longest-established and largest software industries
in developing countries. It has had a software policy since 1970, longer than
other developing countries. India’s software policy has continually stressed
exports but was liberalized in the mid-1980s when software was identified
as a thrust area (Electronics Information and Planning, 1985).

176



The Indian experience also differs because of the industry’s export focus.
Contrary to the view that a strong domestic-oriented industry is necessary
before moving into exports (Fialkowski, 1990; Schware, 1992 in Heeks,
1996; Porter, 1990), the growth of the Indian software industry seems to
have been driven primarily through exports to foreign markets.

SOFTWARE, HARDWARE, AND SOFTWARE
PRODUCTION

Technologies involved in computing are normally divided into hardware
and software. Hardware is the mechanical, magnetic, electronic, and elec-
trical devices that make up a computer, while software is the instructions,
programs, or suite of programs that are used to direct the operations of a
computer or other hardware, plus associated documentation (Meadows
et al., 1987). Software consists of algorithms or ‘recipes’ for processes that
can be executed via programs. Programs can be subdivided into sub-
routines or modules, each of which consists of a series of instructions.

Software can be produced merely by writing the instructions with pen
and paper or a computer; however, testing and using the software require a
computer. Hardware as well as labor are necessary inputs to the software
production process. Instructions that make up software are written in a
variety of computer languages such as C, Visual Basic, C Sharpe, JAVA.
Using a programming language, software is initially written in a human-
readable form, called source code. This is then translated into a computer-
readable string of ones and zeros, called object code, which operates the
computer. In addition, software tools exist that can generate software
instructions automatically. Thus, software tools and languages are also
inputs to the software production process.

The software production process is usually managed by breaking up the
process into a series of steps: analysis of the problem, design of the soft-
ware, coding (writing) the software, testing the software, delivery, and sub-
sequent maintenance.

Software produced has been divided into two basic categories: applica-
tions software is ‘programs . . . designed to carry out specific tasks or appli-
cations as distinct from systems software which controls the operation of
the total computer system’ (ibid.).

Software may be produced in a standardized form for general sale to a
large number of users, in which case the product is known as a software
package; or it may be produced for a single specific customer, in which
case the product is known as customized software. Customized software
is also used to describe standard packages modified to suit a particular
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client’s needs. While software packages are viewed as goods and cus-
tomized software as a service, in practice these distinctions are often
blurred.

THE SOFTWARE INDUSTRY

The companies producing software are collectively referred to as the soft-
ware industry. This term encompasses companies or company divisions
that earn the majority of their revenue from software consultancy services,
software packages, and outsourcing of business processes.

Science and technology have always had an important role within India’s
industrial development with the importance of technology being stressed
since the earliest post-independence days to ensure self-reliance and build-
ing up of local technological capability. In the 1950s and early 1960s, tech-
nology import policy was quite liberal to provide a base on which to build
local capabilities but there was greater selectivity from the mid-1960s
onwards partly in response to China’s nuclear test and the US export
embargo in 1965. In mid-1970 a Department of Electronics was established
to oversee electronics and computer-related industries including the soft-
ware industry and software industrial policy. Policies were partly liberalized
and it was made clear that software was eligible for export incentives such
as the location of production in export processing zones (EPZs; Heeks,
1996, p. 43). Some restrictions were introduced again between 1980 and
1984 to curb imports of computers primarily for domestic use, resulting in
delays and confusion (Economic and Political Weekly, 1984).

Science and technology were pushed to the fore under Rajiv Gandhi in
the mid- and late 1980s and there was a move away from import substitu-
tion towards modernization through import liberalization and export ori-
entation (Lall, 1987). Although policy changes mainly affected hardware,
some were directed towards software such as lowering import duties on
hardware and software. Software was recognized as an industry and was
delicensed and large companies (those covered by the Monopolistic and
Restrictive Trade Practice [MRTP] Act) and those with up to 40 percent
foreign equity holdings (covered by Foreign Exchange Regulation Act)
were allowed to become software producers. By 1986 the import of hard-
ware was simplified and import of software delicensed (changed from
quota to tariff protection) so that anyone could import it if they paid the
60 percent import duty. The Department of Electronics’ software develop-
ment agency was established in 1986 to formulate and implement software-
related policy measures and promote the software industry. An insurance
scheme introduced in 1987 to cover clients of Indian software companies
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against malpractice and export shipment credit and credit guarantees were
introduced. Venture capital funding for software companies also became
available as did overseas telecommunication links. The idea of software
technology parks (STPs) was also introduced. The Electronics and
Computer Software Export Promotion Council was created in 1988 to
increase exports of electronics goods and software through marketing.

In the 1990s these changes were further accelerated and new policies in
1993 were much more oriented towards globalization, allowing freer tech-
nology imports, reductions in duties for software imports, and more auto-
matic approval of technology transfer (Heeks, 1996).

The government’s principle objective was to earn foreign exchange
through software exports to compensate for the costs of importing hard-
ware and electronics items (Heeks, 1996). Software was considered suitable
for export promotion because of the large growing world market, the per-
ceived low investment requirements and the availability of skilled, English-
speaking low-paid workers (Heeks, 1996). It was an export thrust area with
a target of 60 percent value addition compared with 20–33 percent for most
other exporting industries. Thus, production for the domestic market was
neglected. The only policies directly targeting the domestic software market
were those pertaining to the encouragement of R&D and the floating of
local tenders. Thus, compared with other industries, the software industry
was virtually the only one that was primarily export-oriented both in prac-
tice and policy (Sridharan, 1989, p. 53).

The evolution of the software industry in India is linked with the devel-
opment of the Indian hardware industry. Until the mid-1960s hardware
and software were provided by multinational companies like IBM and ICL.
The software they sold had been developed overseas. As in the West, since
computer manufacturers could not provide the full range of application
software (Kaplinsky, 1987), software development became the purview of
in-house developers producing software for their own organizations. As the
number of commercial organizations using computers grew, software
development began to be contracted to other organizations such as man-
agement consultancies. Thus, a domestic market for software emerged.

A number of companies began to import hardware on the condition that
they export software beginning in 1974 and the data-processing depart-
ments of some large companies and software groups of some Indian hard-
ware manufacturers began trying to sell their in-house software. As the
revenue-generating potential of software became apparent, firms began to
make their software units more outward-looking, sometimes creating a sep-
arate company. The departure of IBM in 1978 provided an added boost,
with several ex-IBM employees setting up small software companies, and
led to the growth of the software industry.
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Exports began to grow after 1981 and by the mid-1980s, multinational
companies began to consider India as a software development source and
as a market for software products. From the late 1980s, multinational and
local interest in exports increased and a number of large Indian firms
created software divisions. By the mid-1990s, hardware manufacturers had
also begun to focus on software exports.
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Appendix C Evolution of
biotechnology in India

While the biotechnology industry in India is of relatively recent origin, it
has its roots in government efforts to promote research in biotechnology
beginning with the establishment of the Department of Biotechnology
(under the Ministry of Science and Technology) in 1986 to coordinate
talents, materials, resources, and budgetary provisions. Thus, biotechnol-
ogy has historically been a government-sponsored effort with little private
participation in investment although recent trends show that private sector
participation is increasing (Ghose and Bisaria, 2000).

India confronts problems raised by a fast-growing population, degrada-
tion of the environment, destruction of forest cover, inadequate health care
and nutrition, and damage of agricultural land. Many of these problems
can be addressed by the application of available knowledge in frontier tech-
nologies such as biotechnology. Thus, biotechnology is of great interest to
developing countries like India because of the potential for stimulating
agricultural productivity by increasing crop yields and reducing biotic and
abiotic stresses. Similarly, application of biotechnology has the potential to
change the production profile of the industrial sector. As the growth of
knowledge-based sectors is dependent on strong institutional support for
science and technology and R&D, the historical development of institu-
tions pertaining to biotechnology is briefly outlined (Chaturvedi, 2002).

EDUCATION AND TRAINING

Before independence in 1947, scientists and academics were engaged in
intellectual advancement primarily for self-satisfaction and were funded by
the government with no industry involvement. While need-based research
was not pursued, there were some eminent world-class thinkers in univer-
sities such as the scientist J.C. Bose, a radio-physicist who later shifted to
botany and quantified the plant’s ability to respond to electrical signals.

Post-independence, the need to formulate an appropriate national policy
to build up biotechnology and the requisite personnel were recognized and
funds were budgeted to initiate research. A National Biotechnology Board
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was constituted in 1982 under the auspices of the Ministry of Science and
Technology. Other events such as the establishment by the United Nations
Industrial Development Organization (UNIDO) of one of the centers of
its International Center for Genetic Engineering and Biotechnology in
New Delhi, the hosting of the International Biotechnology Symposium at
New Delhi in 1984, and the International Genetics Congress contributed
to laying the foundation of the biotechnology initiative in India. The
National Biotechnology Board was soon converted into a new Department
of Biotechnology.

Education and training had started as early as 1964 with Bachelor’s pro-
grams in food technology, biochemical engineering, and fermentation to
cater to the needs of the processed food industry in Calcutta, and subse-
quently at Kanpur and Mumbai. The inadequacy of these programs to
meet growing needs led to the introduction of academic training and
research programs at the Indian Institute of Technology (IIT) Delhi in
1969. Substantial scientific and technical support was obtained through an
Indo-Swiss collaboration between IIT Delhi and the Swiss Federal Institute
of Technology, Zurich, which began in 1974 and was phased out in 1985
(Ghose and Bisaria, 2000). It finally evolved into a world class-center of
Biochemical Engineering Research and led to the establishment of the first
academic Department of Biochemical Engineering and Biotechnology in
1993. Since then other IITs have also established such departments.

The Indo-Swiss collaboration was extended to four new Indian scientific
institutions in 1988 and two other partners were integrated in 1995. The col-
laboration focused on the development of sustainable scientific and techno-
logical capabilities of R&D institutions for product development and
technology transfer. Projects were selected based on the criteria of scientific
quality, significance and feasibility, collaborative research between institutes
of both countries, feasibility of technology transfer, commercialization pos-
sibilities, legal and ethical aspects, and compliance with the guidelines of the
Swiss and Indian regulatory bodies. The projects were considered Indian
with largely Swiss support and ranged from human health, animal hus-
bandry, microbial processes, products for agriculture and the pharmaceuti-
cal industry. The cost of the program was shared between collaborators
according to the bilateral agreement.

After the Department of Biotechnology was created, other universities
and scientific institutions were given financial assistance to create essential
facilities to conduct biotechnology training programs at the Master’s and
PhD levels, to provide academic training of faculty at many universities
abroad as well as training of technicians in selected laboratories in the
country. Currently, almost all universities, IITs, and the Indian Institute of
Science offer training in biotechnology. Other governmental agencies have
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in-house training in their respective disciplines. In addition there are some
autonomous research institutes that provide training in specialized sectors
of biotechnology. Also, almost all universities offer courses in life sciences,
biochemistry, biophysics, molecular biology, genetics, microbiology, zoo-
logy, botany, and chemical engineering, leading to degrees in respective dis-
ciplines.

Trained personnel are chiefly engaged in R&D, production, and quality
control. In medical, agricultural, and allied establishments the number of
trained R&D scientists far exceeded production personnel, similar to what
was generally observed in the United States, Europe, and Japan (Srivastava,
1995). However, contributions from trained personnel to industrial bio-
technology were insufficient because approximately 50 percent of qualified
people migrate to the United States and Europe (Ghose, 1998), industry’s
hesitation to absorb indigenous know-how, reluctance of MNCs to partic-
ipate in India, and confusion of how to handle intellectual property of
biotechnology products.

In addition, a national network of biotechnology information exchange
and retrieval was established by the Department of Biotechnology in 1989.
The apex center coordinates global network activities and provides bioin-
formatics and biocomputing services to researchers engaged in biology
and biotechnology R&D and manufacturing activities across the country.
The department also supports a number of repositories for conservation
of living organisms for various sectors of biotechnology such as agricul-
ture, health care, animal husbandry, and industry. International collabo-
rations were also established with several countries in areas other than
education and training. During 1987–98, more than 20 collaborative
agreements in biotechnology were signed between India and countries like
Switzerland, the United States, China, France, Germany, the United
Kingdom, Sweden, G-15 countries, and Russia. For example, Indo-French
scientific collaboration was pursued through a center established to
promote research through joint seminars, workshops, and symposia of
current interest.

AREAS OF BIOTECHNOLOGY RESEARCH

The most important areas of biotechnology research include those
devoted to agriculture and health care. Agricultural biotechnology
includes plant tissue culture to improve crop varieties and yields of pri-
ority crops such as rice, wheat, mustard, chickpeas, mungbeans, peas,
and cotton. Noteworthy achievements include the development of tri-
ploid plants through endosperm culture, a novel technique of test tube
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fertilization to overcome incompatibility in plants exhibited in wild cross-
ing and flowering of bamboo. In addition, progress has been made in the
biocontrol of plant pests through the development of cost-effective, com-
mercially viable technologies for biocontrol agents like baculoviruses, par-
asitoids, antagonistic fungi, and bacteria for use in managing pests and
diseases of economically important crops. Tissue culture techniques
applied to tree and woody species have also been developed at various
institutions to help in the mass production of disease-resistant species.
Likewise, medicinal and aromatic plants are being micropropagated to
conserve their germplasm and harness their economic potential. For
example, Taxus sp., a source of the anti-cancer drug Taxol has been
studied at various centers. Finally, to take advantage of India’s rich bio-
diversity in two spots in the Northeast Himalayas and South Western
Ghats, a major initiative on bioprospecting involving 13 collaborating
institutions in India was launched in 1997.

In medical biotechnology, major research areas include DNA transac-
tions, protein structure and function, protein engineering, reproductive
endocrinology, developmental biology, and ecology. Other important areas
include reproductive biology, work on food and environmental allergens,
and immunological studies on a variety of infectious diseases and DNA
vaccines. Research activities can thus be grouped under infectious diseases,
drug and molecular design, genetic disorders, gene targeting, and genetic
diversity (Ghose and Bisaria, 2000). Examples of applied projects include
male fertility regulation, anti-tubular drug screening and a new drug target
for malaria. Some of these projects have been developed in collaboration
with industry such as a peptide diagnostic kit for HIV, DNA-based test pro-
cedures for genetic disorders, and a recombinant hepatitis B vaccine.

Research efforts are also directed towards food biotechnology (applica-
ble to food processing), animal biotechnology, and seribiotechnology
(biotechnology for the production of silk, which continues to remain a
sought-after commodity from India), and environmental biotechnology,
which is applicable to environmental pollution control and treatment of
domestic wastes and industrial effluent. Finally, in the area of industrial
biotechnology, which pertains to the production of products like alcohol,
biopesticides, drugs, antibiotics, enzymes, vaccines, some organic mole-
cules, and bioreactors, achievements include production of alcohol using
ethanol-tolerant strains of yeast, production of biogas, and production of
glucose and dextrose by enzymatic liquefaction of starch, mainly tapioca
(cassava). R&D spending of pharmaceutical companies was about 1.3
percent of turnover (just over INR1200 million compared with the total
turnover of INR90 billion). See Figure C1 for the composition of the
Indian biotechnology sector in 2005–06.
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INTELLECTUAL PROPERTY RIGHTS

The intellectual property regime also played a role in the development of
the biotechnology industry. India signed the Final Act of the Uruguay
Round of multilateral trade negotiations in 1994 in Morocco. This act of
the General Agreement on Tariffs and Trade (GATT) covered inter-alia
issues related to intellectual property rights. The seven areas of intellectual
property rights covered by Trade Related Intellectual Property Rights
(TRIPS) are trademarks, trade secrets, industrial designs, copyrights, inte-
grated circuits, geographical indication, and patents. While Indian laws,
regulations, administrative procedures, and the judicial system are equiva-
lent to the rest of the world on the first six, in the area of patents, Indian
laws differ substantially from the provisions of the WTO. Unlike the WTO,
which provides product patents in all branches of technology, Indian laws
did not permit product patents in drugs, food, and chemicals; instead,
process patents were permitted. While the WTO provides patents on
microorganisms and microbiological processes, Indian patent laws do not
permit patenting any life form though patents based on microbial processes

Appendix C 185

Source: Confederation of Indian Industry.

Figure C1 Composition of the Indian biotechnology sector (2005–06)
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are permitted. In addition, while the WTO requires protection of plant
varieties by patents or an effective ‘sui generis’ system or by any combina-
tion thereof, there is no system for protection of plant varieties in India.

Finally, while all patents under the WTO have a uniform duration of 20
years, the Indian system provides seven years for food and pharmaceuticals
and 14 years for others (Ghose and Bisaria, 2000). As a signatory to the
TRIPS agreement, India must implement patent protection on pharma-
ceutical and biotechnology products by 2005. Hence, steps have been taken
to rationalize policies to conform to WTO provisions. Several Indian
biotechnology companies have managed to cross intellectual property
hurdles to work with international partners through confidentiality and
non-disclosure agreements (CII, 2003).

INCENTIVES TO STIMULATE THE
BIOTECHNOLOGY SECTOR

In addition, incentives to increase investments in the Indian biotechnology
industry and stimulate R&D have been introduced in recent years. Some
examples are 100 percent foreign equity in manufacturing all drugs except
recombinant DNA products and cell-targeted therapies, import duty
exemptions on certain goods, weighted tax deductions of 150 percent on
R&D expenditures, three-year excise duty waiver on patented products,
exemption from customs and excise duties on all drugs and materials
imported or produced domestically for clinical trials, and removal of
minimum export obligations.

The Foreign Trade Policy 2004–09 permits the establishment of biotech-
nology parks across the country along the lines of Software Technology
Parks and envisages that all facilities available will be 100 percent export-
oriented units. Such incentives are expected to bring biotechnology on par
with IT. Moreover, state governments in India have recognized the poten-
tial of biotechnology to fuel economic development and have taken initia-
tives to develop bioclusters based on academic and entrepreneurial
strengths. These bioclusters include biotech parks, biotech policies, fiscal
incentives and centers of biotech excellence, biotech development funds,
and incubators. Among the fastest-growing clusters are those in Andhra
Pradesh (centered around Hyderabad), Karnataka, (centered around
Bangalore), and Maharashtra (centered around Pune) while others are
emerging in Tamil Nadu and Orissa (CII, 2003). Opportunities are envis-
aged in all areas of biotechnology.
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